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COMMUNICATIONS 


¥ UNUSUAL RETINAL DETACHMENT, 
POSSIBLY SEX-LINKED* 


BY 


ARNOLD SORSBY, M. KLEIN, 
J. HURNDALL GANN, and G. SIGGINS 


THE occurrence of retinal detachment with some rather unusual 
features in three brothers, and in the only son of their normal sister, 


led to the present study. Members of three generations of this 
family have been examined, and eight affected individuals were 


discovered, all males (Fig. 1). The ages of the affected individuals 
ranged from 13 to 60 years. As the appearances in Generation Ill 
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Fic. 1.—Pedigree of P. family, showing eight observed cases of cystic 
detachment of the retina in different stages. 


are markedly different from those seen in Generation IV and in the 
single case in Generation V, and are presumably the later stages of 
the same progressive affection, an inverse chronological order is 
observed in recording these cases. 





* Received for publication August 8, 1950. 
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Casg RECORDS 


GENERATION V. 

Case 1. Brian S. (V, 5), aged 13. Right eye normal and has full vision. 
Left eye has always been defective. Both eyes show 1°50 D. hypermetropia. The 
fundus appearances of the left eye are shown in Fig. 2. The lower half of the retina is 
detached. A high-water mark extends on either side of the disk, and there is also a 
similar mark up and in. The detached retina is very much retracted from the ora, 
and shows two sharp crescentic edges. 


GENERATION IV. 

Case 2. Peter T. (IV, 9), aged 19. Here, too, the right eye is normal except for a 
linear scar down and out (Fig. 3). Vision of right eye : 6/12 with +1°25 D. sph.© 
+0°75 D. cyl. 130°. The left eye is hypermetropic (+3°0 D. sph.) and shows a 
detachment not unlike that seen in the patient’s nephew (V, 5). The detachment 
extends up to and surrounds the disk, producing an appearance reminiscent of papillitis. 
There are also some unusual white streaks below the crescentic edge of the detachment 
temporally. 


Case 3. Reginald T. (IV, 8), aged 25. Vision right eye, 6/36; left eye, 6/60. 
Refraction right: +5°50 D. sph, © +0°5 D. cyl. y 90°. Refraction left: 
+5°0 D. sph. Vision has been defective ever since he remembers. In the right eye 
the lower two-thirds of the retina are detached with sharp crescentic disinsertions 
below, and a mottled appearance centrally (Fig. 5). In the left eye the detachment is 
confined to the middle third of the retina ; and in the central area there is a depression 
simulating macular coloboma. Pigment disturbances and hard white dots are seen 
below this depression (Fig. 6). 

Case4. FredT. (IV,6), aged30. Vision righteye, 6/18 ; left eye, 6/60. Refraction 
right : +5°0 D. sph. © +1°50 D. cyl. > 180°. Refraction left : +5°0 D. sph. In 
the right eye there is a shallow detachment in the central part of the fundus with 
two peripheral disinsertions upwards (Fig. 7). In the left eye the detachment is more 
extensive, and shows a large central defect—possibly a hole—and five sharply 
delineated peripheral disinsertions (Fig. 8). 


These four patients in the second and third decades of life all show 
fundamentally similar pictures—a variable degree of detachment with 
multiple peripheral disinsertions—except that in IV, 8, the picture in the 
left eye (Fig. 6) departs from the appearances seen in the others in that 
there is considerable atrophy with pigmentation rather than detachment. 
The three brothers (IV, 6, 8, and 9) have one normal brother (IV, 7), and 
a sister (IV, 5) who is also normal. This sister is the mother of V, 5 (see 
Fig. 2), and of a girl (V, 6) who is normal. The one normal brother in the 
sibship (IV, 7) has a son aged 2 (V, 7), who is normal. 


GENERATION III.—The parents of the sibship containing three affected 
brothers are normal ; the mother (III, 6) was the only girl in a family of 
nine, originally consisting of thirteen members, four of whom died in 
infancy. Of her eight brothers, four (III, 1, 3, 4, 5) died in adult life and 
were reputed normal. Of these four only the eldest (III, 1) had a child, 
a son (IV, 1), who is reputed to be normal. The surviving four brothers 
(III, 9, 8, 7, and 2) were examined and were all found to be affected. 





Fics 3 and Gis aly and left fundi of Peter T., aged 19 (IV, 9), a 
maternal uncle of V, 


Fics 5 and 6.—Right and left fundi of Reginald T., aged 25 (IV, 8), 
an older maternal uncle of V, 5. 


Fics 7 and 8.—Right and left fundi of Fred T., a 30 (IV, 6), the eldest 
maternal uncle of V, 5. 





Fic. 2.—Brian S., aged 13 (V. 5), left 
fundus. Right eye normal. 


Fic. 10.—Appearances ‘suggestive of an 
abortive falciform fold in right eye of 
Albert P., aged 54 (IH, 8), another 
maternal great-uncle of V, 5. Left eye 
normal. 


Fic. 9.—Appearances in left eye of 
Sidney John P., aged 51 (Ill, 9), the 
youngest maternal great-uncle of V, 5. 


Fic. 11.—Appearances in left eye of 
Percy P., aged 60 (III, 7), a third 
maternal great-uncle of V; 5. Right 
eye (not illustrated) shows some central 
choroidal sclerosis. 
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Case 5. Sidney John P. (ill, 9), aged 51. Has had bad sight ever since he 
remembers. He sustained an injury to the right eye in childhood, and the eye was 
removed when he was 34 years of age. Unfortunately it is not available for histological 
examination. The left eye is emmetropic and vision is hand movements. The fundus 
appearances are shown in Fig. 9. There is nothing now to suggest a detachment. 

Case 6. Albert P. (Ill, 8), aged 54. He first noticed that his right eye was defective 
after serving in the first world war. The fundus appearances are shown in Fig. 10, 
where a localized flat detachment with a somewhat atrophic surface is seen over a 
narrow band above. The left eye is normal. 

Case 7. Percy P. (lll, 7), aged 6&0. Vision in both eyes is defective, but has been 
good in the right eye till recently. This eye shows no detachment, but there is 
evidence of choroidal sclerosis, most marked centrally (no drawing was made). In 
the left eye appearances are very much the same as those seen in his younger brother, 
except that there is rather more pigment disturbance, and the retinal vessels are 
distinctly thinner (Fig. 11). He is suffering from heart failure. 

Case 8. William P. (III, 2), aged 66. He was seen on one occasion and was not 
co-operative. The right fundus could not be seen owing to cataract. Lens changes 
prevented a good view of the left fundus, but the impression was gained that it showed 
a picture similar to that seen in his brother Percy. 


DISCUSSION 


The Wide Range of Appearances.—It should be noted that the four 
affected members in generations IV and V are all in the second and 
third decade of life ; two are under twenty, and two are under 
thirty. The affected individuals in generation III are all thirty to 
forty years older, and as it is known that their trouble dates back to 


childhood, it may be assumed that the marked degenerative 
appearances they show represent a later stage of the unusual 
detachment seen in the younger generation. In support of this 
reading are the degenerative changes seen in the left eye of one of 
the younger generation (IV, 8; Fig. 6). It may perhaps also be 
assumed that the condition is congenital. The range of ophthal- 
moscopic appearance, largely, but not exclusively, determined by 
duration, is considerable, as shown by the mildest changes in Fig. 3, 
and the most severe in Fig. 11. Fig. 10 suggests an abortive 
falciform detachment in a man aged 54 years. 


Mode of Inheritance.—As can be seen from the protocols in 
Appendix 1, nothing is known of the first generation, and it would 
appear that Fred P. (II, 2) had normal eyesight. There is a history 
of a defective left eye, possibly due to cataract, in the case of his 
wife (II, 1). Of the observed generations, three and possibly four, 
of their four surviving sons are affected, and the one daughter 
(III, 6) is unaffected. Of the three definitely affected sons (III, 7, 8, 
9), the eldest has no issue and the two others have not passed on the 
affection to their descendants. Even if it be assumed that III, 2 is 
affected, he has not passed on the trouble. Transmission has, 
however, occurred through the unaffected sister (III, 6). Three of 
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her four sons (IV, 6, 8, 9) are affected, and her one daughter, 
unaffected, also has an affected son (V, 5). This suggests a sex- 
linked recessive condition, and one must assume that III, 6 obtained 
the pathogenic gene from her mother, who would be a carrier. 
The evidence for sex-linkage (supported also by the distribution of 
affected to unaffected in generation III) cannot be regarded as 
definite, for IV, 10, the only daughter of a known affected man, has 
no issue and even if it be assumed that III, 2 is affected, his daughter 
has girls only. Until other families, or further developments in this 
family, bring other evidence, the assumption of recessive sex-linkage 
would none the less appear to be likeliest. As the pedigree stands 
at present a noteworthy feature is that no affected man has trans- 
mitted the affection. All that is definite is that over two generations 
the maternal uncles of affected males have also been affected, and 
that the ratio of affected to unaffected is consistent with the 
theoretical expectation of 1 : 1 for recessive sex-linkage. 


Relationship to Cystic Detachment of the Retina and to Congenital 
Vascular Veils.—Juler (1947) has drawn attention to cystic detach- 
ment of the retina as seen in children. His records refer to three 
isolated and unrelated cases in boys aged 53 to 8 years. He held that 
these cases had some similarity to congenital falciform folds in the 
retina and possibly congenital veils in the vitreous as described by 
Mann and Macrae (1938), and may perhaps be linked up with them. 

Mann and Macrae described two brothers, aged 17 and 20 years 
respectively, and a third unrelated man aged 21 years. In all three, 
both eyes were affected by congenital vascular veils in the vitreous, 
and in one there was a detachment. Figs 12 and 13* show the 
appearances recorded for the two brothers. In the discussion on 
Juler’s paper, Mann agreed that cases with vitreous veil and detach- 
ment were probably one entity at different stages—the veils represent- 
ing ruptured retinal cysts. She also mentioned the case of a boy aged 
10 with retinal cysts, whose uncle [? maternal] showed “ a vascular 
veil and a certain amount of choroidal pigmentation ”’ but no cysts. 

The four illustrations given by Juler leave little doubt that his 
cases and those recorded here are of the same nature. That they 
link up with vascular vitreous veils (not seen in any of our cases) is 
also fairly certain. All these cases occurred in males, and it is note- 
worthy that a pair of brothers is recorded by Mann and Macrae, 
whilst a boy and his [? maternal] uncle are noted by Mann. It is 
justifiable to conclude that the cases recorded here, as also those of 
vascular veils in the vitreous and those of cystic detachment of the 
retina, are all instances of one and the same entity—an affection 
which is sex-linked or at any rate sex-limited in character and 
possibly congenital. 


* Figs 12 and 13 are reproduced from this Journal, 22, 2, Figs 1 and 3. 
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Fic. 12.—Congenital vascular veil in the vitreous. Appearances in right 
eye of John G., aged 17, younger brother of case illustrated in Fig. 13 
(after Mann and Macrae, 1938). 


Fic. 13.—Congenital vascular veil in the vitreous. Appearances in right 
eye of Joseph G., aged 20, elder brother of case illustrated in Fig. 12 
(after Mann and Macrae, 1938). 
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Relationship to Congenital Total Detachment of the Retina 
(Pseudoglioma).—The literature contains six records of the 
familial occurrence of pseudoglioma and these suggest recessive 
sex-linkage. Figs 14 to 18 show the pedigrees of five of these cases. 
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Ej Unsuccessful operation for a 
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Fic. 14.—Pedigree showing bila- Fic. 16.— Pedigree showing 
teral pseudoglioma in two girls, pseudoglioma in two brothers, 
and right pseudoglioma in their whose maternal uncle was 
brother. Their father may have “blind, deaf, and mentally 
been affected and the parents were abnormal’’ (after Heine, 1925). 
first cousins (after Clark, 1898 ; ; 

and Collins, 1893), ©. 
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BB Bilateral pseudoglioma El Chorio-retinal lesion in right eye: 
Pseudoglioma: in left eye 


Fic. 15.—Pedigree showing pseudoglioma inherited in a presumably 
recessive sex-linked manner (after Pageristecher; 1913). 

(i) Clarke (1898, Fig. 14).—This would <appear to be the oldest pedigree om 
pseudoglioma and would suggest recessive autosomal inheritance. It is, however, 
not inconsistent with the reading of recessive sex-linkage, as it is possible that the 
father was affected, and that the mother, a first cousin, was a carrier. (A pathological. 
study on an affected member was recorded by Collins in 1893.) 

(ii) Pagenstecher (1913, Fig. 15).—Here™:the evidence of sex-linkage is fairly 
definite. 

(iii) Heine (1925, Fig. 16).—This small pedigree is consistent with recessive: 
sex-linkage. 
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(iv) Wilson (1936, Fig. 17).—This pedigree, too, suggests recessive sex-linkage. 

(v) Wilson (1949, Fig. 18).—This extensive pedigree leaves little doubt that 
inheritance is in a sex-linked recessive manner. There is, in addition, the possibility 
of manifestation in a woman. 

(vi) Pajtd§ (1950).—An affected man had an affected. grandson, through his 
daughter, herself unaffected. She in turn has two affected grandsons, through 


a daughter, also unaffected. 


bad sabe 


WH Affected 

| f Affected, died in childhood 

yf Histologically confirmed pseudoglioma 
x 





Fic. 17.—Pedigree showing pseudoglioma in boys in three collateral 
branches and in a maternal uncle (after Wilson, 1936). 
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Fic. 18.—Pedigree showing recessive sex-linked inheritance of pseudo- 
glioma (after Wilson, 1949). 


Relationship to Falciform Detachment.—The hereditary nature of 
falciform detachment has been stressed by Weve, who found a high 
incidence of consanguinity. Fig. 19 is a reconstruction from Weve’s 
most fully recorded family. It brings out two points of significance: 
(1) The occurrence of pseudoglioma in a brother of a boy with falciform detachment. 
(2) The occurrence of pseudoglioma in a boy of a collateral branch of the family 
whose parents were first cousins. Weve has stressed that falciform detachment and 
pseudoglioma must be regarded as fundamentally the same lesion in different degrees 
of severity. This pedigree is as consistent with recessive sex-linkage as with an 
autosomal recessive condition, but neither reading can be regarded as conclusive. 


The earlier records appear to show that this affection is confined 
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almost entirely to boys (Mann, 1935; Weve, 1935, 1938), but 
subsequent records not infrequently refer to girls (Theodore and 
Ziporkes, 1940). This in itself does not invalidate the reading of 
recessive sex-linkage, as seen in the Clarke pedigree (Fig. 14) in 
which the father was affected and the mother was presumably a 
carrier, but such occurrences are exceptional. Alternatively, there is 
the possibility that manifestation in women may be fairly high. 
Fuller pedigrees than are at present available are necessary to clarify 
this issue. 

On the presumably uniform mode of inheritance of these various 
affections, and on the clinical evidence that falciform detachment is 
a variant of pseudoglioma, it is 
tempting to suggest that congenital 
total detachment (pseudoglioma), 
congenital falciform detachment, 
juvenile (? congenital) cystic de- 
tachment, and vitreous vascular 
veils, are all one and the same 
entity, constituting a group that 
is inherited in a recessive sex- 
linked manner. The most severe 
manifestation is congenital total de- 
tachment, whilst cystic detachment 

Bilateral pseudoglioma is probably a less severe lesion 
Fic. 19.—Pedigree showing occurrence than falciform detachment. As 


of pseudoglioma and congenital falci- yet little is known of the end 
form fold in two collateral branches stages of falciform detachment 


of a family (after Weve, 1935). 
é and the present study suggests 
that cystic detachment in boys is a far from stationary lesion. 


Genetic Basis of Cystic Detachment.—Regarding the frequency of 
a genetic factor in cystic detachment of the retina, only two negative 
findings can be recorded at present. By the courtesv of Mr. Juler, 
one of us (A.S.) was able to follow up the families of two of his cases, 
but with negative results. Both families were, however, small. 
The findings were likewise negative in sixteen cases of cystic detach- 
ment of the retina in young men seen at the Royal Eye Hospital 
during the past five years. As this was a retrospective enquiry and 
no families, except one, were actually examined, the findings have to 
be accepted with some reserve. 





WH Bilateral falciform detachment 


SUMMARY 


(1) An account is given of a family with eight affected men over 


three generations, the four youngest of which showed cystic detach- 
ment of the retina, and two (or possibly three) of the older members 
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extensive degenerative changes in the fundus, presumably the end 


stage of the affection. 


(2) The range of appearances suggests that cystic detachment is a 
slowly progressive affection, possibly congenital in origin. The 


affection may be confined to one eye only, and may occasionally 


take the form of an abortive falciform detachment or a mere linear 


scar. Generally the end stage is extensive retinal atrophy. 


(3) It is suggested that the affection is sex-linked ; and that 
congenital total detachment of the retina, congenital falciform 


detachment of the retina, cystic detachment as seen in boys and 
young men, and vascular vitreous veils, are all different aspects of 


one and the same entity showing considerable interfamilial variation. 


We are indebted to Miss Ida Mann and Dr. Alex Macrae for permission to use Figs 


12 and 13 in this series, the originals of which Dr. Macrae kindly supplied. We are 
also obliged to Mr. F. A. Juler for his interest and help. 
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APPENDIX 
Pedigree of the P. Family 
(see Fig. 1) 
Generation I.—Nothing is known of this generation ; their name was L. 


Generation II. 


(1) Elizabeth L. (II, 2), married Fred P, (Il, 1) of Cambridge, who is reputed to 
have had good sight in both eyes, and who died aged 63. He had no brothers or sisters 
and nothing is known of his parents, except that his mother is reputed to have had 


good sight. Elizabeth herself had one bad eye, reputedly from cataract, all her life; 
she died aged 54, having had thirteen children. 

(2)—L. (II, 3), lived at, or near, Belvedere, Kent. Nothing is known of him. 
It is possible that he died young. 
Generation III, 

(1) Fred P. (III, 1), died in Manitoba, Canada, aged 40 ; married, one son. 

(2) William P. (III, 2), aged 66, of Cambridge ; married, three children. Left eye 
shows a fundus similar to that seen in the left eye of his brother, Percy (III, 7). 

(3) Charles P. (111, 3), died about 1920; unmarried; reputed to have had good sight. 


é ® Harry P. (III, 3), died aged 59 ; married, no children; reputed to have had good 
sight. 
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(5) John P. (III, 5), died aged 59; married, no children; reputed to have had good sight. 

(6) Ada P. (Ill, 6), aged 56; married into T. family, five children ; lives at 
Peterborough; examined and found normal. 

(7) Percy P. (il, 7), aged 60; unmarried. Left eye (Fig. 11) shows a healed 
detachment. Right eye shows a lesion suggestive of central choroidal : sclerosis. 
Suffering from severe heart failure. 

(8) Albert P. (III, 8), aged 54, of Cambridge ; married, three children. Right eye 
(Fig. 10) shows a retinal fold. Left eye is normal. 

(9) Sidney John P. (Ill,.9), aged 51, of Cambridge ; married, two sons. Right eye, 
removed in 1932 on account of an accident at about the age of 13 years, is stated to 
have been defective before the accident. Left eye (Fig. 9) shows a healed detachment. 

(10-13). Four other children ; their sex and position in the family are unknown ; 
they died young. 

Generation IV. 

(1) Son of III, 1, lives in Canada ; reputed to have normal sight. 

(2) Daisy P. (IV, 2), aged 42, of Cambridge ; married into G. family, three 
daughters ; examined and found normal. 

(3) Fred P., (IV, 3), aged 40, lives in Australia ; married, no children ; reputed 
to have normal sight. 

(4) Charles P. (IV, 4), aged 37, lives in Bermuda ; married, one daughter. 

(5) Irene T. (IV, 5), aged 32; married into S. family, two children; examined and 
found normal. 

(6) Fred T. (IV, 6), aged 30, of Petetborough ; married, no children ; both eyes 
affected (Figs 7 and 8). 

(7) Gilbert T. (IV, 7), aged 28 ; married, one son ; examined and found normal. 

(8) Reginald T. (IV, 8), aged 25 ; both eyes affected (Figs 5 and 6). 

(9) PeterT. (IV, 9), aged 19. Left eye ; vision less than 6/60 (Fig. 4). Right eye : 
vision 6-12, scar in fundus at 7 o’clock (Fig. 3). 


(10) — P. (IV, 10), aged 26, of Cambridge ; married into the H. family, no children ; 
examined and found normal. 


(11) Edward P. (IV, 11), aged 25; married, no children; examined and found normal. 
(12) Roy P. (IV, 12), aged 23 ; married, no children ; examined and found normal. 


(13) Geoffrey J. P. (IV, 13), aged 31, of Cambridge ; married, two children ; 
examined and found normal. 


(14) Barry P. (IV, 14), aged 8 ; examined and found normal. 
Generation V. 


(1-3) Daughters of Daisy G. (IV, 2): Betty G., aged 21, married into Sk. family ; 
Mary G., aged 17 ; Jennie G., aged 3; all examined and found normal. 


(4) Daughter of Charles P. (IV, 4); reputed normal. 


(5) Brian S. (V, 5), son of Irene S. (IV; 5), aged 14 (Fig. 2). Right eye normal. 
Left eye : vision 6/60. 


(6) June S. - (V, 6), daughter of Irene S. (IV, 5), aged 13; examined and found normal. 
(7) CliffordT. (V, 7), aged 24, son of Gilbert T. (IV, 7); examined and found normal. 


(8 and 9) Sidney and Eleanor P. (V, 8 and 9), children of Geoffrey J. P. (IV, 13) 
aged 33 and 2 respectively ; both examined and found normal. 
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““COMMON PATHOLOGICAL BASIS OF THE 
NERVOUS OCULAR SYMPTOMS IN CHRONIC 
GLAUCOMA 


A PRELIMINARY NOTE* 
BY 
G. CRISTINI 


Clinica Oculistica Universitaria di Bologna. Director, Prof. Z. Di Marzio 


CLINICALLY the main symptoms of chronic glaucoma (such as optic 
atrophy and ocular hypertension) appear to be independent, and the 
latter may be absent or may appear late. It is, therefore, desirable 
to be able to ascribe most of the symptoms of this disease to a 
common pathology. 

The pathogenesis of hypertension is difficult to establish, but that 
of optic atrophy and the field changes associated with a pathological 
tissue change is easier. This special form of atrophy of the nerve 
fibres, known as “ lacunar or cavernous degeneration ’’, affects not 
only the pre- and retro-laminary portion of the optic nerve, but also 
spreads along the trunk into the brain. 

This cavernous atrophy is known to be independent of the increase 
of ocular tension, being due to a trophic disturbance in the fibre. 
Duke-Elder (1940) thinks it to be an ischaemia due to a sclerosis of 
the nutritional vessels, and Wolff (1947) thinks it results from a 
reduction of blood flow. As the nerve fibre is the most differentiated, 
it is the first to be modified and to disappear. 

The histo-pathological findings are not always in agreement, and 
it is not possible to say whether characteristic vascular alterations are 
present in glaucomatous atrophy. According to Elschnig (1928), 
the reduction of the number of capillaries distinguishes the 
glaucomatous from other forms of nervous atrophy. The meshes 
appear interrupted and the individual lumina are often obliterated. 
Loewenstein (1945) tried to correlate the findings of nervous atrophy 
in glaucoma with the histo-pathological vascular findings, and 
frequently found a thrombotic occlusion of the smallest vessels. 

The purpose of this research, therefore, was to investigate the 
nature of the vascular alteration of the nerve fibre in glaucoma. 


* Received for publication May 8, 1950. 
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MATERIAL AND TECHNIQUE 


An examination was made of forty eyes enucleated in a very advanced phase of the 
disease, where an ophthalmoscopic picture of glaucomatous atrophy was present, cases 
of haemorrhagic glaucoma being excluded. After being opened at the equator and 
fixed in a 10 per cent. formalin solution, thirty eyes were embedded in paraffin and the 
sections stained by the usual methods. Sections of the remaining ten freshly enucleated 
eyes were treated with the object of examining the capillary circulation in the optic 
nerve, by Pickworth’s method, which is based on the property of benzidine to reveal 
very small quantities of haematic pigment, which becomes a deep red colour. This 
method seemed the best to reveal the extent of and spaces in the capillary network in 
glaucomatous atrophy ; other nerve sections of normal old people were prepared as 
controls. 

The ten eyes were opened near the optic nerve and the small posterior cap containing 
the nerve was fixed for two days in a saturated solution of formalin, salt, and sugar 
(watery solution of kitchen-salt 40 ml.;' watery solution of sugar 40 ml. ; formalin 
10 ml.). The pieces were cut with a freezing microtome without rinsing into sections 
of 200 microns. These were rapidly rinsed in water and passed through a solution of 
sodium nitro-prusside and benzidine in the thermostat for about 2 hours (watery 
solution sodium nitro-prusside 0-1 per cent., 4 parts, added to 1 part 0°25 solution 
benzidine with 2 per cent. acetic acid in distilled water). They were again rinsed in 
water and passed through 0°5 per cent. hydrogen peroxide in the thermostat till they 
took on a blue colour. They were again rinsed in water, dehydrated in 90 per cent. 
absolute alcohol, cleared in xylene, and embedded in balsam. 


Observations.—In microscopic sections prepared with ordinary stains, no pathological 
vascular picture differing from that normally found in old age can be observed. I found 
a thickening of the intima, and sometimes of the adventitia, but no real restriction and 


obliteration of the lumen. In most cases the difference between the nervous 
parenchymal and the vascular findings is striking. 

In sections where the benzidine reaction was employed, a marked difference between 
them and the controls was evident. The number of small vessels was conspicuously 
reduced ; the meshes of the capillary network fragmented, and the individual capillary 
lumina obliterated, so that a diminution in the range of the capillary circulatory bed 
becomes obvious (Figs 1, 2, 3, and 4). This reduction of the number of capillaries is 
particularly severe in the laminary region (Figs 1 and 2), “and in some cases in the 
peripapillar choroid also. 

A similar change in the capillary network, though in a lesser degree, is encountered 
in the extra-ocular portion of the optic nerve. These histo-pathological findings do 
not explain the lesion of the capillary segment~peculiar to glaucomatous atrophy. 
One can but assert that the reduction of the number of capillaries seems to be 
independent of the increase of tension, since it is also present in the extra-ocular portion 
of the optic nerve. These findings do, however, confirm the observations of Elschnig 
who classified this reduction of the nervous capillary bed as the essential characteristic 
of glaucomatous atrophy. 


DISCUSSION 


We may now proceed to demonstrate that this vascular alteration 
is the cause of the two main optic-nerve changes : the lacunar or 
cavernous degeneration of the nerve fibres, and the bending and 
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Fics 1 and 2.—In glaucomatous nervous atrophies the number of blood 
capillaries is reduced, the meshes of the network are fragmentary and the 
flow of blood irregular. 


Fics 3 and 4.—In chronic glaucoma a marked reduction in the number 
of blood capillaries is also noticed behind the laminary region, along-the 
trunk of the optic nerve. 
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Fics 5 and 6.—Sections of glaucomatous optic nerves at the entrance of 
the central vessels, showing spongy and cavernous degenerations of the 
nerve fibres. 


fragmentation of the laminary scaffolding. The severity of the 
atrophic papillary excavation depends on both changes; the 
essential problem is whether a reduction of the capillary bed may in 
itself be’ sufficient to cause these changes in the nerve fibres and in 
the laminary scaffolding. 


LACUNAR DEGENERATION.—The spongy degeneration of Garrow and 
Loewenstein (Fig. 5) directly precedes the appearance of Schnabel’s 
lacunar degeneration (Fig. 6). The latter makes the nerve fibres 
appear skeletonized, because only the glial framework is left. 
According to Schnabel (1905), no other atrophic process, apart from 
the glaucomatous one, provides a better preparation of glia. Though 
the histolytical action of the vitreous and the effect of the hyper- 
tension on the nerve fibres of the prelaminary portion cannot be 
wholly excluded, the reduction of the capillary bed alone can produce 
lacunar degeneration. This degeneration can be brought about only 
by an anoxaemic condition following chronic ischaemia, caused by 
the reduction of the capillary network. Wolff (1947) concluded that 
the reduction of the blood flow is essential for atrophy of nerve 
fibres, independent of an increase in ocular tension. Owing to the 
higher metabolism of the nerve fibres compared to that of the glia, 
the former will be affected first and more severely. The various 
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Fics 7 and 8.—Capillary network (benzidine method) of the optic nerve 

in a normal individual ; magnification of the capillary meshes in 

laminary region. 
stages of this anoxaemic condition of the nerve fibres may be followed 
microscopically : first Garrow and Loewenstein’s nervous degenera- 
tion and later Schnabel’s lacunar degeneration. The recognition of 
these histo-pathological stages enables us to exclude any others of 
a vascular nature. If an occlusion of vessels with larger lumina 
than those of the capillaries occurred, the malacic foci well known 
in cerebral pathology would be apparent. The active perifocal 
diapedesis in the collateral vessels would produce a malacic focus 
with ecchymotic borders. 
BENDING AND FRAGMENTATION OF LAMINARY SCAFFOLDING.—It is 
theoretically impossible to exclude absolutely either Schnabel’s 
hypothesis of primary cavernous retro-laminary degeneration or the 
hypothesis of the hypertensive effect. A reduction of the capillary 
network with a severe circulatory impairment at this level may also 
cause changes in the laminary tissue (Reid, 1937), and thus produce 
Schnabel’s lacune between and behind the connective laminary 
scaffolding. Of the laminary scaffolding and the cause of its 
horizontal disposition, Wolfring (1872) wrote : 

The difference between the lamina cribrosa and the sclera is that the former is 
constituted partly by vascular connective tissue belonging to the small vessels of the 
scleral circle and partly by the one belonging to the perineurium of the optic nerve. 

He also pointed out the particular direction of these small vessels 
belonging to the scleral circle which force the laminary scaffolding 
into its characteristic horizontal architecture (Figs 7 and 8). A 
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Fic. 9. (Partly schematic drawing).—Blood circulation: (A) in normal conditions; 
(B) in glaucoma. Note global reduction of the capillary bed, especially in 
the laminary region, and simultaneously in the choriocapillaris of the peri- 
papillary region. These regions both belong to arterial district (2). 


(1) Central artery of the retina. (2) Arteriole of the scleral circle. 
(3) Short posterior ciliary artery. (4) Arteria vaginalis. 


reduction of the capillary bed in the laminary region must produce 
the typical changes noticed in glaucoma. Such an alteration 
developing on this pathological ground is accompanied, as was 
already mentioned, by obliteration of the choriocapillaris and 
atrophy of the peripapillary choroid. This is not surprising since the 
peripapillary choroid and the laminary region have a close physio- 
logical vascular solidarity, in that both belong to the same circulatory 
scleral district (Leber, 1872 ; Wolfring, 1872). 

Clearly then the fibre degeneration, the laminary changes, and the 
glaucomatous halo, may be brought about by a common pathological 
vascular denominator : the reduction of the capillary bed (Figs 9 
and 10). It is, however, more difficult to relate the various 
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Cosenvino. 


Fic. 10. (Partly schematic drawing).—Blood circulation in the optic-nerve 
head : (A) in normal conditions ; (B) in glaucoma. Note afferent arterioles 
reduced in number and capillary meshes interrupted and fragmentary. 


campimetrical changes to this common pathological denominator, 
because their semeiology and their relationship to papillary atrophy 
have not so far been sufficiently elucidated. Traquair (1927) 
affirmed papillary pallor to be more closely related to the severity of 
the campimetrical changes than the excavation. Clinical experience 
enables me to confirm this observation and to add that not only 
pallor but a glaucomatous halo can contribute to field changes. 
Without reporting the different perimetrical and campimetrical 
defects in glaucoma, modern workers have tried to unify the various 
conceptions, admitting that the typical neuroscotomata (Roenne’s 
nasal step, the peripheral reduction of the infero- and supero-internal 
nasal isopters, and Bjerrum’s arcuate scotoma) develop through the 
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enlargement and fusion of the angioscotomata (Evans, 1938 ; 
Humblet and Weekers, 1948). Though the physiological nature of 
the angioscotomata has not been fully explained, a series of impor- 
tant experimental results is available. The researches of Evans and 
McFarland (1938) and of Bietti and de Gaspare (1950) show that the 
fluctuation in the density and extensions of the angioscotomata is 
related to the quantity of oxygen inspired. In conditions of 
anoxaemia, such as flight at high altitude, the angioscotomata show 
a tendency to extend and fuse. In glaucomatous patients a similar 
spontaneous fluctuation may be seen, which is unrelated to tensional 
variations. In earlier researches I observed that X-ray irradiation 
on the sympathetic medullary centres causes a reduction of the 
extension and density of the angioscotomata through an improved 
arterial “debit ” in the optic nerve. This has been confirmed by 
Sanna (1950) ; it was demonstrated that the glaucomatous angio- 
scotoma is reduced during the vasodilatory phase, owing to the 
inspiration of amylnitrite, and extends during the vaso-constrictory 
phase independently of variations in ocular tension. 

The anoxaemia factor, mentioned above, may also play a part in 
the pathogenesis of the fusion of angioscotomata and the develop- 
ment of glaucomatous neuroscotomata. The fluctuations of a 
glaucomatous angioscotoma in the early stages of the disease may 
give warning of a circulatory claudication in the optic nerve, and it 
is easy to see why the papillary pallor and the glaucomatous halo 
are so important in campimetrical changes. An obliteration of the 
capillary network in the vascular district of the scleral circle must 
produce the known laminary and peripapillary changes and a severe 
degeneration of the nerve fibres in this region. The laminary region 
is, therefore, the probable seat of most of the campimetrical and 
perimetrical defects in glaucoma (Beauvieux, 1948). 

It also seems possible to relate even the perimetrical defects to the 
same pathological denominator as optic atrophy and the glauco- 
matous halo. This conclusion, though not to be regarded as 
decisive, is worthy of consideration. The following two questions 
arise : 


(1) May this common pathological denominator, found for the 
nervous symptoms, apply to glaucomatous hypertension ? 


(2) What is the pathological nature of the lesion in the arteriolo- 
capillary segment ? 


With regard to the first, I have at my disposal anatomo- 


pathological findings which enable me to reply in the affirmative. 


These conclusions were expressed at the XVI International Congress 
of Ophthalmology in London (1950). The most striking vascular 


changes in the uvea are those affecting the choriocapillaris, The 
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meshes of the network appear fragmented and the individual lumina 
of the capillaries are often obliterated. This change is the more 
marked, the more advanced the affection. In recent glaucomatous 
forms, areas with an increased number of capillaries showed dilated 
lumina alternately with those mentioned above, almost as if the 
former had assumed a compensatory function. Thus the most 
characteristic histo-pathological vascular change in the uvea of 
glaucomatous eyes consists in a global reduction of the capillary 
network. 

The second question leads to the aetiological problem of glaucoma. 

Previous studies undertaken in Bologna suggested that most of 
the glaucomatous symptoms are attributable to a change in the 
internal carotid or its cerebral branches. The same significance 
is attached to this change as to those of the corresponding large 
vascular trunks in other distal vascular syndromes. The researches of 
Leriche and Policard (1918; 1930; 1945) and of Ricker (1927) strongly 
suggest that isolated diseases of the arterio-capillary system are but 
a nosographic creation of our own, and that a close pathological 
relationship between the large arteries and the corresponding arteriolo- 
capillary districts exists in most vascular syndromes of this type. 


SUMMARY - 
The opinion of Elschnig (1928) that the pathognomonic histo- 


pathological change of the optic nerve in glaucoma consists in a 
diminution of the number of small vessels (i.e., by a global reduction 
of the capillary network) is confirmed. This change seems to be 
independent of the increase in ocular tension, because it is also 
encountered in the extra-ocular portion of the optic nerve. As was 
also pointed out by Wolff (1947), the consequence is a diminution 
in blood flow and, therewith, a state of chronic anoxaemia of the 
nerve fibre. This process is essential for the development of 
Schnabel’s cavernous atrophy. 

This change in the smallest vessels also constitutes the common 
pathological basis of the other nervous signs and symptoms in 
glaucoma, e.g., laminary changes, glaucomatous halo, field defects. 

A change in the capillary circulation, catabllhton itself chiefly 
in the area of the circle of Haller, produces both an atrophy of the 
peripapillary choroid, and se ee A and degeneration in the laminary 
scaffolding, regarded by Wolfring as adventitious connective tissue. 

An anoxaemic condition of the nerve fibres caused by claudication 
of the capillary blood circulation must determine the occurrence of 
neuroscotomata. Physio-pathological and clinical reasons lead one 
to think that the most probable site of perimetrical defects is the 


lamina. 


In the uvea of glaucomatous patients, a global reduction of the 
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capillary network and morpho-structural changes are found in 
relation to a state of relative chronic ischaemia (this may be the 
pathological basis of the increase in ocular tension, depending upon 
the consequent modification of the haemodynamic regimen). 

Most glaucomatous manifestations may be attributed to a common 
vascular pathology. 
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MEASUREMENT OF BINOCULAR EYE 
MOVEMENTS OF SUBJECTS IN THE 
SITTING POSITION~ 


BY 


MARY P. LORD 
Chelsea Polytechnic and Imperial College of Science and Technology, London 


Ir has been suggested (Marshall and Talbot, 1942) that the faculty 
of depth perception is, to a considerable extent, dependent on the 
occurrence of small independent movements of the two retine. 
Moreover, exact knowledge of eye movements is necessary for a 
proper understanding of many other visual phenomena and is likely 
to be of clinical interest also. 

Since the photo-electric corneal reflex method of measuring eye 
movements (Lord, 1948) has the highest sensitivity consistent with 
little interference with the subject, this method has been extended to 
the measurement of binocular eye movements; with the new 
apparatus, records are taken with the subject sitting up. 


EXPERIMENTAL METHOD 


The principle is similar to that used in the investigations on 
supine subjects (Lord, 1948; 1949). At present, simultaneous 
investigations of both eyes, in one direction at a time, can be made. 


It is hoped eventually to expand the apparatus so that movements 
of both eyes in two directions can be recorded simultaneously. For 
completeness, the principle of the expanded apparatus will be 
described here. 


When the subject looks binocularly at the fixation target, each 
cornea is irradiated by an ultra-violet beam ( 3650A) directed 
towards the appropriate blind spot so that the subject is practically 
unaware of the ultra-violet beams. At each cornea, partial 
reflection of the ultra-violet beam occurs and each reflected beam 
strikes a half-aluminised mirror where it is divided so that one part 
falls on a horizontal straight-edge (or wedge (Lord and Wright, 1949), 
direction of increasing density vertical) and the other on a vertical 
straight-edge (or wedge, direction of increasing density horizontal). 
As the eyes move, more or less radiation passes each straight-edge 
{or wedge) and that passing is focused onto an electron multiplier 
photocell ; the output of each multiplier is amplified and fed to a 
cathode ray tube; the vertical traces on the four tubes are 
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photographed simultaneously, one above the other, on a continuously 
moving film travelling in the horizontal direction. Dots at intervals 
of 0.02 sec. are marked along the middle of the film by focusing 
on it the image of a point illuminated by a discharge lamp in series 
with a half-wave rectifier. The eye movements can be deduced 
from the four records on the film. 


APPARATUS.—A general view of the apparatus is shown in Fig. 1. 
The subject sits on the stool (St) and bites on the dental impression 
mouthpiece (Mp). Parts of the covering of the right and left eye 
optical systems (CO, and CO, respectively) can be discerned. 
A, and A, are amplifiers ; DT is a box containing two cathode ray 
tubes ; the moving film camera for photographing the tube traces 
is situated under stool (St) ; T is a table for the use of the operator. 


The various parts of the apparatus are described in detail below : 


(i) Optical System.—The lay-out of the optical system is shown in Fig. 2. Since the 
right-eye and left-eye optical systems are similar, only that for the right eye is labelled. 
As far as possible, the lettering corresponds with that of Figs 1 and 2 in Lord (1948). 
The system (indicated by suffix V), for use with the beam reflected from the half- 
aluminized mirror (M1) remains to be added ; it is a replica of that (indicated by 
suffix H) used with the beam transmitted by My. 


The distance from the high-pressure mercury vapour source (S) of ultra-violet 
radiation to the subject’s cornea (C) has been reduced to 3% ft., i.e., to approximately 
half the value employed in the apparatus for investigations on supine subjects ; the 
mode of image formation at the cornea is, however, unchanged. This has been 
accomplished by reducing the side of the square aperture (S,), the focal length of each 
of the lenses (L,) and (L,), and the distance from C of S, and L,; the side of the square 
aperture (S.,) is unchanged and is situated as before in the focal plane of lens (L,), whose- 
distance from C is unchanged. The change from the supine to the upright posture has. 
enabled the mirror, M, (Lord, 1945) to be dispensed with. The part of the ultra-violet 
beam reflected at the cornea is directed along the axis of lens (L,) by the mirror (M) ; 
the focal length of lens (L,), the optical-path length from C to L;, and that from L, to 
each straight-edge (Ex) and (Ev) are unchanged, and so also, therefore, is the mode of 
image formation at Ex and Ey. The optical-path distance between C and each 
electron multiplier (EMu) and (EMy) has also been reduced to 33 ft., but the position 
and focal length of each cylindrical lens (Lu), (L,,), (Lv) and (Ky) are such that the 
mode of image formation at EMu and EMvy is unchanged. 

The fixation target (F) can be set at various distances from the subject, as indicated ~ 
in Fig. 2, but is always arranged to lie on the visual axis of the subject’s right eye when 
this eye is looking straight ahead. Hence, when F is fixated binocularly, the direction 
of the visual axis of the left eye is different for each position of F. The direction of the 
left-eye ultra-violet beam must, therefore, be adjustable if this beam is to fall on the 
blind spot whatever the position of F. This adjustment is secured by mounting the 
left-eye optical system on a platform which can be rotated about a vertical axis passing 
through the nodal point of the subject’s left eye (Fig. 2) ; Wh, (Fig. 1) is the wheel 
controlling this movement. Since the inter-pupillary distance varies from subject to\_ 
subject, it is also necessary for the horizontal separation of the right- and left-eye 
optical systems to be adjustable. This is provided for by mounting the platform 
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Fic. 1.—General view of the apparatus 





Fic. 2.—Lay-out of the optical system 
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bearing the left-eye optical system on a slide so that it can be moved towards or away 
from the right-eye system (Fig. 2) ; Wh, (Fig. 1) is the wheel controlling this movement. 
It was found that the wearing of spectacles by the subject did not interfere with the 
investigations, and any refractive errors are corrected in this way. 
Using an artificial cornea, the system was calibrated in the same manner as the 
apparatus for investigations on supine subjects ; similar results were obtained. 


(ii) Electrical System.—This is also simiiar to that used in the investigations on 
supine subjects. To enable the same maximum sensitivity (6 mm. screen deflection per 
minute of eye movement) to be attained with less ultra-violet radiation incident on the 
subject’s cornea, the value of the resistance in the multiplier output circuit has been 
increased three-fold. As the circuit diagram in Lord (1948) contained some errors, 
an amended diagram is shown in Fig. 3. 


(iii) Positioning the Subject—A “ close-up” of the mouthpiece holder is shown in 
Fig. 4; the fixation target (F) is also visible. To facilitate the positioning of the 
subject, provision has been made for various rotations of the mouthpiece in addition 
to the customary three mutually perpendicular translations. K,, K,, and K, are the 
knobs controlling the conventional side to side, back and forth, and vertical translations 
respectively. Turning knob (K.,) causes the mouthpiece to be rotated about a horizontal 
axis passing through the centre of rotation of the subject’s right eye ; movement of 
the platform (P), which is pivoted about the point (A), produces rotation of the mouth- 
piece about a vertical axis passing through the centre of rotation of the subject’s right eye. 

When sufficiently dark-adapted, the subject bites on the mouthpiece and adjusts the 
position of his head by manipulating knobs (K,), (K,), and (K;) only, until the correct 
relativity (Lord, 1948 ; 1949) of the fixation target, blue haze, and ultra-violet beam 
for the right eye is attained, and the blue haze is as sharp as possible. Then, by 
manipulation of K,, P, and Wh, only, the subject secures the correct relativity and 
focus for the left eye also ; theoretically this process does not alter the position of the 
centre of rotation of the right eye. The subject continues with the right-eye and 
left-eye adjustments in turn until fluorescent patches are visible to the operator on 
both left- and right-eye fluorescent screens (Fig. 2, Fu). The operator then continues 
with the two sets of adjustments until each fluorescent patch is in focus and incident 
upon the central phosphorescent dot of its fluorescent screen. Recording is then 
carried out as previously described (Lord, 1949). In contrast to the supine case, up 
and down movements produce changes in the amount of light passing the horizontal 
straight-edge (Ex), and side to side movements produce changes in the amount passing 
the vertical straight-edge (Evy). To obtain side to side records with the uncompleted 
apparatus, Ex is replaced by Ey. 


RESULTS 


The apparatus has been used for the investigation of monocular- 
fixation eye movements (Lord, 1950a) and of a case of nystagmus 
(Lord, 1950b) in addition to the binocular-fixation head and eye 
movements to be described here. 

To record head movements, an artificial cornea (Lord and Wright, 
1948) was attached to the skull in the usual manner, except that it 
was situated on the nasal side of the subject’s left eye rather than in 
front of the right eye ; it was thus possible to record head movements 
while the subject fixated binocularly. Records for W.D.W. and 
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Fic. 3.—Circuits used with each multiplier 


Fic. 4.—Close-up of the mouth-piece holder 
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5.—Head movements (W.D.W.) 
6.—Head movements (R.S.L.) 
7.—Eye records (W.D.W.) 
8.—Eye records (R.S.L.) 
9.—Eye records (L.C.T.) 

. 10.—Eye records (R.W.G.H.) 
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NOTEs:— 
Time (increasing to the right) |...... 
L=up and down—upwards towards time line 
S = side to side—left towards time line 
Left-eye records above, and right-eye records below 

the time line 


..--|=0.2 sec. 


Amplitude shown at side ; height of arrowed line represents a rotation of 20 minutes, assuming the 
separation of the centre of curvature of the cornea and the centre of rotation of the eye is 5.3 mm. 
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R.S.L. (the only two subjects with suitable teeth for the experiment) 
are shown in Figs 5 and 6 respectively ; the movements are very 
similar to those recorded with the subject sitting up but not fixating 
(Lord, 1950). The average value of the maximum (sideways) 
periodic displacement is 0.035 mm. for W.D.W. and 0.024 mm. for 


R.S.L. Day-to-day variations are again found in the amplitude of 
the head movement pattern. 


Figs 7 to 10 show eye records for subjects W.D.W., R.S.L., 
L.C.T., and R.W.G.H. respectively, for binocular fixation of a bright 
disk, angular diameter | minute, distance from the subject 54 ft. The 
records have many features in common with those for monocular 
fixation with the subject sitting up (Lord, 1950a). The head- 
movement pattern can again be picked out in almost all records, 
and its magnitude shows day-to-day variations. The average 
maximum value of the periodic head movements, as deduced from 
the side-to-side eye records of W.D.W. and R.S.L., is 0.026 mm. for 
each subject. This value agrees with that deduced from the artificial 
cornea records for R.S.L. with or without binocular fixation (Lord, 
1950a) and with the value deduced from the artificial cornea records 
for W.D.W. without fixation ; it is, however, appreciably lower than 
the average value for both subjects deduced from their monocular 
fixation eye records, and that for W.D.W. deduced from the artificial 
cornea records with binocular fixation. It would thus appear likely 
that any effect of fixation on head movements is masked by day-to-day 
variations. The average maximum value of the periodic head move- 
ments of all subjects, 0.033 mm. agrees with the average value of 
0.036 mm. obtained from the monocular fixation records of the same 
four subjects. An interesting feature of the up-and-down records is 
that periodic head movements deduced from the left- and right-eye 
records are out of phase ; this presumably indicates that some head 
movement occurs about a horizontal axis perpendicular to the front 
of the subject. The phenomenon is illustrated in figures 7L, 8L, and 
9L, for W.D.W., R.S.L. and L.C.T. respectively. 


It appears from the records that the eyes rotate at the same time, 
in the same direction and, in general, by the same amount. For all 
subjects, flicks starting in the downward direction are hardly ever 
found (Lord, 1950a ; Lord and Wright, 1948) ; flicks starting to 
the right are about twice as frequent as those starting to the left, 
except for subject W.D.W., for whom they occur with about equal 
frequency. The value of the average interval between flicks, as 
deduced from the binocular fixation records are 0.76, 0.89, 10, and 
10 seconds for W.D.W., R.W.G.H., L.C.T. and R.S.L. respectively. 


The value for R.W.G.H. is in fair agreement with the monocular 
value of 0.86. seconds for both supine and upright positions. For 
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- W.D.W., the binocular value is intermediate between the monocular 
values obtained for the upright (Lord, 1950a) and supine (Lord and 
Wright, 1948) positions. For R.S.L., the binocular average is 
somewhat smaller, and for L.C.T. somewhat larger, than the 
corresponding monocular average ; these variations may not be 
significant, because, on account of their slow flicking speed, averages 
for R.S.L. and L.C.T. are based on comparatively few values. 

With all subjects, the recording of both eyes simultaneously was 
found easier in the side-to-side than in the up-and-down direction. 
In the case of R.W.G.H., no satisfactory record of both eyes 
simultaneously has yet been obtained in the up-and-down direction : 
Figs 10L, and 10L, show up-and-down records made on separate 
occasions for the left and right eyes respectively ; for the side-to-side 
direction, however, satisfactory recording has been accomplished 
of both eyes simultaneously (Fig. 10S). 

The duration and magnitude of the flicks remain at 0.02 to 0.03 
seconds and from 2 to 25 minutes of the arc respectively. The gaps 
at B and B! in records 7L and 8S respectively are due to blinks. 


DISCUSSION 


In order to deduce the movement of the retina, relative to the 
image of a fixation object formed by the eye, from the results of any 
existing method of investigating eye movements, some assumptions 


must be made about the behaviour of the eye (Lord, 1950c). The 
validity of theories of the visual mechanisms, based on retinal 
scanning (Marshall and Talbot, 1942 ; Jones and Higgins, 1947) 
therefore depends on the validity of the assumptions, and the 
reliability (Lord, 1950c ; Lord and Wright, 1950) of the eye- 
movement data employed. The data used are based on the results 
of an investigation by Adler and Fliegelman (1934) who reported that 
the normal eye is perpetually making high-frequency rotations, 
magnitude about 2 minutes of the arc, with larger, slower frequency 
excursions, superimposed. As far as is known, the existence of the 
high-frequency movement has not been confirmed by other 
investigators. In the dynamic (retinal scan) theory of depth 
perception (Marshall and Talbot, 1942), it is further postulated that 
the scanning movements of the two retine are asynchronous ; it 
seems unlikely that this supposition will derive support from the 
results described in this paper. 

In the clinical field, the application of the photo-electric corneal 
reflex method to the investigation of the effect of a posture change 
on head and monocular fixation eye movements may be of 
significance (Lord, 1950a). Moreover, the photo-electric apparatus 
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appears to be well suited to the investigation of nystagmus of small - 
amplitude (Lord, 1950b) and further work with it on nystagmus and 
other pathological cases might, therefore, be of value. 


SUMMARY 


The application of the photo-electric corneal reflex method to the 
measurement of binocular eye movements of subjects in the sitting 
position is described. To facilitate the positioning of the subject, a 
mouthpiece holder of novel design has been evolved ; variations in 
the inter-pupillary distance are compensated for by altering the 
separation between the left- and right-eye optical systems. Studies 
of binocular-fixation eye records of four subjects indicate that 
rotations of the eyes occur simultaneously, move in the same 
direction, and are, in general, of the same amplitude ; hardly any 
movements starting in the downward direction have been found. 
The records are similar to the monocular fixation eye records 
obtained with the subject sitting up ; some variation in the average 
flicking rate has, however, been found. 


I am very grateful to Dr. W. D. Wright for suggesting the problem, for helpful 
discussions and criticisms, and for acting as subject. I also wish to thank the other 
subjects : Drs. L. C. Thomson and R. S. Longhurst, and Mr. R. W. G. Hunt, with all 
of whom I have had many stimulating discussions. I am glad to acknowledge the 
help given by many members of the Physics Department Staff at Imperial College, 
especially Messrs. A. E. Davis and F. W. Martin. I also wish to express my thanks to 
Mr. F. D. Perkins of Philips Electrical Ltd. for supplying a double-tubed cathode ray 
oscillograph to my specification. 

A am glad to acknowledge the continued financial support of the Medical Research 
ouncil. 
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CHOROIDEREMIA 
A REPORT OF THREE CASES IN THREE GENERATIONS* 


BY 


RONALD F. LOWE 


Melbourne, Australia 


THE appearances of the fundi in choroideremia have fascinated 
ophthalmologists since the first cases were described by Mauthner 
(1871). This author differentiated the condition from retinitis 
pigmentosa. His two cases had night-blindness and constricted 
visual fields, but in addition there was marked choroidal atrophy 
giving a brilliant white appearance to the fundi, the retinal vessels 
were normal, and the optic disks were not atrophic. The disease is 
rare but since that time many cases have been reported. Considerable 
confusion exists throughout the literature because white, atrophic 
fundi may be found in the final stages of other diseases, e.g., retinitis 
pigmentosa, choroidal sclerosis, and gyrate atrophy. 


From the early reports the familial incidence was appreciated. 
Zorn (1920) found six cases in three generations of a family. 
Schutzbach (1938) traced thirteen cases in four generations, finding 
that the changes in the females were less severe than in the males. 
Goedbloed (1942) showed that males may exhibit typical choroid- 
eremia whereas the females of the family present “‘ salt-and-pepper 
fundi”’. He concluded that the disease is transmitted by way of the 
sex chromosomes showing intermediate dominance. This mode of 
inheritance was confirmed by McCulloch and McCulloch (1948), who 
succeeded in tracing 86 cases of choroideremia in two families. As 
a result of these accumulated investigations different manifestations 
can now be appreciated ; the following account, taken from the 
writings of Bedell (1937), McCulloch and McCulloch (1948), and 
Fralick (1948), represents the present knowledge of the disease. 


Choroideremia, in the male, is a progressive disease and the 
fundus picture changes from youth to age. Night-blindness in 
childhood is followed by progressive loss of sight and advancing 
field defects in youth and adult life, and complete blindness in old 
age. Choroideremia is not due to congenital absence of the choroid 
with spared macular areas, but is the result of an inherited form of 
progressive retinal degeneration resembling retinitis pigmentosa. 





* Received for publication June 12, 1950. 
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The affected female has a characteristic fundus picture but develops 
no obvious defect in vision. Progression is slow and of a minor 
degree compared with the male. Typical fundus changes in a 
female show her to be a transmitter of the disease, whereas any 
woman who does not present the stigmata of choroideremia in her 
fundi cannot pass it to her descendants. This form of hereditary trans- 
mission is called sex-linked conditional or provisional dominance. 
The defective gene is located in the X-chromosome. As there is no 
allelomorph in the male, the disease is not repressed and classical 
choroideremia occurs. In the female the healthy allelomorph 
modifies the effect so that although some retinal atrophy occurs the 
effects are benign. 

These facts are of great help to practising ophthalmologists. Any 
person showing no signs of choroideremia can be safely assured that 
no descendants will be affected. On the other hand, any person 
showing even minor manifestations will transmit the disease according 
to the chances of sex-linked inheritance. An afflicted male may be 
told that none of his sons nor any of their descendants will suffer 
from the disease, and that all his daughters will have good sight, 
although they will have signs of the disease in a mild form. The 
affected females will transmit the disease to half their sons, who will 
eventually become blind, and to half their daughters, who will have 
no significant disability but will pass on the disease to their 
descendants in similar proportions. 


CASE REPORTS 


Case 1. F. S., male, aged 20 years (Generation V, 6).—At the age of 4 years he 
was noticed to have a left convergent strabismus and poor vision in bad light. For as 
long as he can remember he has had no useful central vision in his left eye. He does 
not think that the sight in his right eye has changed very much. Sometimes at school 
he had to sit close to the board but otherwise he experienced no difficulty. He left 
school at the age of 14 years having reached a class standard that can be considered 
average for his age. He was not particularly interested in sport—he had difficulty with 
cricket and baseball because he could not follow the flight of the ball quickly enough, 
but football gave him no trouble. He followed the occupations of toy-making, metal 
polishing, and French polishing, none of which he left because of difficulty with vision. 
To my consternation I found his present occupation to be that of a motor-truck driver 
amid the very busy traffic of Melbourne. He noticed that at first he had difficulty as 
he tended to drive too near the centre of the road, but now that he is familiar with his 
work he has no trouble ; he has had no accidents. He experiences no difficulty in 
parking or in negotiating heavy traffic. He fails on all Ishihara plates, but passed the 
police lantern test and can name paint-box pigments accurately. He has no trouble 
during daylight but at dusk his vision becomes poor and in the dark he is quite blind. 

Examination.—V.R. 6/60, with—1°75 D. cyl. axis 90°, 6/18. 

V.L., only hand movements in the temporal field. 

The right pupil reacts briskly to light, the left sluggishly. Media are clear. The 

ocular fundi show the typical appearances of choroideremia (Fig. 1). The optic disks 















(a) Right eye. (b) Left eye. 


Fic. 1.—Ocular fundi of F. S., aged 20 years (Generation V, 6), 
illustrating typical appearances seen in affected males. 


(a) Right eye. (b) Left eye. 


Fic. 4.—Ocular fundi of E. S., aged 55 years (Generation IV, 1), 
illustrating typical appearances seen in female transmitters. 
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and retinal vessels appear normal. The red reflex is replaced by a brilliant off-white 
tinged with yellow-green, but a few islands of red choroid and retina remain. Large 
choroidal vessels are prominently outlined against the bared sclera and they are closely 
spaced where they appear to stream to and from the retinal islands. The largest 
retinal island is at the right macula, but the central area of the left retina is completely 
bare which accounts for the absence of left central vision. Irregular linear collections 
of retinal pigment outline roughly concentric circles round the optic disks and maculae, 
and are sometimes associated with the retinal islands. Although in most places there 
is no ophthalmoscopic evidence of red choroid and retina in association with the 
pigment collections, the visual fields show that some functioning retinal cones must be 
present there. 


In testing the visual fields small test objects were barely seen. The Bjerrum’s screen 
showed very small enclosures when the right eye was tested (Fig. 2, overleaf). The one- 
third-metre perimeter gave very interesting charts. The easiest test object to use was 
20/330 white. With it each eye presented concentric zones of vision suggesting a concen- 
tration of retinal cones distributed as mentioned above (Fig. 3, overleaf). Fields with 
10/330 showed narrow and irregularly-edged bands of vision with sloping edges 
that were very difficult to record. 


Case 2. E.S., female, married, aged 55 years (Generation IV, 1).—Her history gives 
no eye disability until the onset of presbyopia. 


Examination.—V.R., with +0°5D. cyl. axis 180, 6/6. 
V.L., with +0°25D. axis cyl. 180°, 6/6. 

The fundi show the characteristic changes of the female transmitter of choroideremia 
(Fig. 4). The optic disks and retinal vessels are normal in appearance. The striking 
feature is a patchy choroido-retinal thinning especially marked round the equator and 
periphery but also round the optic disks and near the maculae. The patches are 
similar in size to the optic disks but some are smaller and others are larger. Each 
consists.of an area paler than normal with large choroidal vessels exposed on account of 
retinal thinning and depigmentation, and surrounded by a border of coarsely granular, 
proliferated retinal pigment. Linear or grouped aggregations of retinal pigment also 
occur separately. The appearances have been described as resembling “‘ pepper and 
salt” fundi but the term is much too vague. The symmetry of the lesions in each eye 
and the regularity of the distribution point to a genetic anomaly. The appearances 
can be recognized as a modified manifestation of the complete lesion seen only in males, 


The visual fields to 3/2000 white showed the periphery around the 20° circle with 
baring of each blind spot, but no other abnormality. 


Case 3. F. E. P., male, aged 80 years (Generation III, 1).—At the age of 6 years 
it was noticed that he could not see at twilight or in a bad light, and was treated for 
choroiditis. At the age of 21 years he had three periods of “* black-outs ” lasting 
several minutes. At the age of 24 years he remembers standing in his garden (in 
England) and seeing men working on the Blackpool tower two miles away, so that he 
could not have been myopic at that time. He also remembers that inside the room 
where he worked his vision was so poor that he could not see tools on the bench. 
By the age of 27 his sight had become very weak, and at 32 years he was no longer able 
to drive his horse and cart as he had only side vision. When 37 years of age he became 
completely blind. He became deaf at the age of 74 but otherwise “has a sound 
constitution ”’. 
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Fic. 2.—Central visual fields of right eye of F. S. (Generation V, 6), 
tested on 2-metre Bjerrum’s screen (September 24, 1949). 











Fic. 3.—Visual fields of F. S., (Generation V, 6), tested on perimeter 
with 20, 330 white test objects (September 24, 1949). 
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As he was a blind pensioner he was examined in 1934 (aged 64 years) the report 
being—‘“ optic atrophy, retinal atrophy, and lenticular opacities”. As he still resides 
in England I was unable to examine him personally, but he was recently examined by 
Dr. T. S. Blacklidge who reported—‘ the fundi show extensive atrophy of the choroid 
and retina with central lens opacities. The appearance is that of choroideremia ”. 


Mr. F. E. P. has given the following reports of his relatives, the family 
tree being set out in full in Fig. 5. 

His father (Generation II, 1) died in 1878 at the age of 50 years, having 
had no known abnormality of vision. 

His mother, who died in 1907, aged 71 years, had to go to hospital 
when aged 50 years with a rash on her face and head and lost her sight 
for a few weeks but the vision recovered. The marriage was not 
_ consanguineous. 

He had one brother and two sisters (Generation III, 2-4) who all died 
before reaching the age of two years. 

Neither of his grandmothers (Generation I, 2 and 3) had any known 
abnormality of vision. They died at the ages of 76 and 78 years. 

He did not know either of his grandfathers personally although he heard 
no account of any poor vision. His maternal grandfather, E. H. 
(Generation I, 4), who died in 1872 at the age of 62 years, had always been 
employed as an engine-fitter. Apparently his vision was adequate for his 
tasks because there was no family knowledge of poor sight. He died 
when F. E. P. was aged 2 years, four years before F. E. P.’s symptoms of 
night-blindness were noticed. 


GENERATION 
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Fic. 5.—Family tree of reported family showing inheritance as a sex-linked 
conditional dominant. 
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DISCUSSION 


The three cases reported show the characteristic features of 
choroideremia. Its inheritance as a sex-linked conditional dominant is 
confirmed. The two males from alternate generations show the disease 


in its severe form and the female in direct line in the intervening generation 


shows it in the benign form of the female transmitter. 


A Mr. F. E. P’s. maternal grandfather (E. H., Generation I, 4) should 
| have had choroideremia in a severe form but it appears most improbable 


that he did so. His vision remained good enough for him to continue 
4} working as an engine-fitter until over the age of 60 years. Even if his 
i maculae were spared to allow this, he apparently had neither night- 
' blindness nor grossly restricted visual fields. In view of his occupation 
and the age in which he lived he probably worked most of the time in a 
dim light. He died when F. E. P. was aged 2 years, and only four years 
later night-blindness began to troubie F. E. P., who was taken to the Royal 
Eye Hospital, Manchester. The grandmother lived 10 or 15 years longer, 
_ by which time the child’s night-blindness must have been severe, yet no 
tt knowledge exists of any similar defect in the grandfather. Other family 
|) details supplied by F. E. P. show that the various members were well 
i known to each other, so that if E. H. had any visual defect it is 
1) inconceivable that the others should not have been aware of it. 
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E. F. H. (Generation II, 4), an unmarried female cousin of F. E. P’s 
mother was thought to have defective eyes similar to those of F. E. P. She 


has been examined recently by Mr. H. V. White, ophthalmic surgeon, of 
Manchester, England, who reported—‘ Both globes protrude markedly 
due to high myopia, both lenses are opaque and the fundi are not seen. 
No perception of light remains in the right eye, the left eye can just 
perceive light”. She wore strong glasses until she became blind at the 
age of 65 years, her present age being 82 years. She has remained 
unmarried but it is unlikely that she was a transmitter of choroideremia 


as her father would then have had it too, and there is no family suggestion 
of this. 
















If E. H. (Generation I, 4) did not suffer from choroideremia his 
X-chromosomes did not initially contain the defective gene. Such a gene 
must have arisen by mutation either in his sex cells early in his life, or in 
those of his daughter, F. E. P’s mother (Generation II, 2), before the age 
of 35 years, i.e., between the years 1810 and 1870. The smallness of the 
family prevents more exact timing. Cases where defective genes have 
arisen in healthy families are well known and the occurrence of a 
mutation leading to choroideremia need cause no surprise. Similar 
mutations must be very rare because choroideremia is a rare disease, and 
after the mutation has occurred the disease becomes very obvious in the 
males of subsequent generations. 











SUMMARY 


Two male cases and one female case of choroideremia in three 
generations are presented. Inheritance was by way of a gene showing 
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sex-linked conditional dominance. A mutation resulting in choroid- 


eremia_probebly occurred in an X-chromosome between the years 1810 
an 4 


I should like to express my appreciation to the various members of the family who 
rendered all possible assistance in this investigation, and to Dr. F. Hall, C.B.E., County 


Medical Officer of Health, Lancashire County Council, for invaluable help i in obtaining 


records and sending copies to me. 
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DEGENERATION AND REGENERATION OF 
CORNEAL NERVES* 


BY 


BROR REXED ann URSULA REXED 
From the Nobel Institute for Neurophysiology, Karolinska Institutet, Stockholm 


CERTAIN authors, such as Haab (1899), Kraupa (1924), and Walsh 
(1947), have suggested that there might be an inter-relation between 
certain diseases of the cornea and the condition of the corneal 
nerves. The diseases mentioned are recurrent erosion of the cornea, 
superficial punctate keratitis, herpetic keratitis, and certain forms of 
degeneration of the corneal epithelium. Neuroparalytic keratitis 
and herpes zoster ophthalmicus are known to be dependent on 
injury to or disease of the ophthalmic division of the trigeminal 
nerve. 

Before attempting to study diseased conditions of the corneal 
nerves, an exact knowledge of the normal corneal innervation and 
of the reactions of the nerves to simple traumatic injury is necessary. 
Results obtained from experimental work on animals should to a 
certain extent be applicable to processes in the human corneal nerves. 

Such investigations have been made by Leoz Ortin (1915), who 
studied the corneal sensitivity after partial and total keratotomy. 
He obtained a corneal reflex 60 days after the operation, and found 
good nerve regeneration in histologic sections taken 8 months after 
the operation. Jent (1945) performed circular incisions of the 
corneal stroma down to Descemet’s membrane and then examined 
the nerves in vital staining. He also studied the corneal sensitivity 
in these cases with von Frey hairs. He found that the nerves were 
less stainable after 24-48 hours, after 5 days they could not be 
stained at all; after 28 days, small sprouting neurites could be 
stained in the old pathways. 


MATERIAL AND METHODS 


These investigations have been performed on 41 eyes from 26 rabbits enucleated from 
3 days to 64 months after operation. Six of the rabbits were adults, the rest being 
young animals about 6 months old. An incision, covering from 90-360° of the 
circumference of the cornea, was made through the stroma and down to Descemet’s 
membrane. The sensitivity of the cornea was tested from 1-3 days after the operation 
and then at intervals of 1-14 weeks. The results of these tests are set out in Table I. 





* Received for publication September 2, 1950. 
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TABLE I 
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* adult animals. 


The testing of the corneal sensitivity was performed with von Frey hairs held at 
right angles to the cornea, under illumination by a slit lamp so that the scar could 
be seen easily. Acccording to our experience, the grading of the sensitivity of the 
cornea in experimental animals, as performed by certain authors, must be considered 
unreliable. Even a simple marking out of sensitive and insensitive areas must be far 
from accurate. The animals are very capricious and often inhibit a positive reflex 
when scared. 


After enucleation of the eye, the cornea with limbus was cut out. Three radial cuts 
were made in order to flatten out the preparation. This was then fixed in a 10 per cent. 
solution of neutral formaldehyde to which had been added 1.1 per cent. NaCl. On 
fixing in formaldehyde only the corneal epithelium often peeled off ; we found the 
addition of NaC1 lessened this tendency. The concentration of NaC1 was chosen on 
account of the findings of von Bahr (1941, 1948) that cornea placed in solutions of 
NaCh of this concentration did not swell or shrink. The preparations also seemed to 
take the silver stain better when fixed in this solution. We fixed for at least three days. 
Some preparations were left in fixing solution for longer times, up to 2 months, without 
becoming less stainable. The preparations are listed in Table II. 


Before sectioning, the cornea was spread out flat on the freezing microtome with the 
epithelium upwards and was frozen down as flat as possible. It was then cut in 
sections 100 microns thick parallel to the surface of the spread-out cornea. Except 
for the first sections, which were often incomplete, this gave circular preparations 
covering the whole of the cornea in which individual nerve fibres could be traced over 
wide distances. The sections were silver-impregnated according to the method of 
Gros-Schultze. 
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Fic.1.—Insensitive area of cornea after incisions of different lengths. 
Striated area = insensitive. 


RESULTS 


The denervated insensitive area on the cornea was always found 
to be smaller than the sector corresponding to the peripheral arcuate 
cut (Fig. 1). The central parts of the cornea did not generally 
become insensitive when the incision covered less than 300° of the 
circumference. The insensitive area was thus sickle shaped with the 
concave part directed towards the centre (Fig. 1). This is explained 
by the dichotomic division of the nerves after they have crossed the 
limbus. Tower (1940) studied the nerve impulses in isolated corneal 
nerve fibres, and found that one such fibre can branch over nearly a 
quarter of the cornea. 


A corneal reflex could be elicited from just inside the scar after 


2 to 4 weeks in young animals and after 5 to 7 weeks in adults. 
Once the regenerated nerves had crossed the scar they appeared to 
spread quickly (Fig. 2, A). Thus the whole of the cornea was found 
to be sensitive after 3 to 5 weeks in younger animals and after 
7 to 8 weeks in adults. The passage through the scar appears to give 
the greatest resistance to the regenerating nerve fibres and thus to 


A 2 weeks & weeks 6 weeks 7 weeks © months 


Fic. 2.—Return of corneal sensitivity after incision : (A) less than 180° 
(B) of 360°. White area = sensitive. Stippled area = diminished 
sensitivity. Striated area = insensitive. 
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take the longest time. Once the scar is crossed the new neurites 
grow more quickly. 

In two cases the incision was made round the whole of the 
circumference of the cornea so that all nerve fibres were severed. 
In these two cases we found that even after 3 months in the one, 
and 5 months in the other case, the centre of the cornea was less 
sensitive than the surrounding parts (Fig. 2, B). 

It has been suggested (Weddell and others, 1941) that a small 
denervated skin area can be re-innervated by the sprouting of new 
neurites from adjacent uninjured ones. Edds (1949) worked with 
partially denervated muscles, and stated that paralytic motor units 
became re-innervated in partially denervated muscles by sprouts 
from remaining uninjured nerve fibres. 


17.6 4.8 5.10 17.10 


Fic. 3.—Corneal sensitivity after repeated incisions in the same scar. 
Arrows signify re-operation. In (f) and (g) the area inside the scar has 
had time to regain sensitivity. White area =sensitive. Stippled area = 
diminished sensitivity. Striated area = insensitive. 

In order to decide whether a denervated part of the cornea could 
be re-innervated by neurites growing in from adjacent areas, in four 
cases the incision scar was re-opened several times at intervals of 1 
to 4 weeks, all the nerves being severed each time. After each 
operation the sensitivity of the cornea was tested, and the insensitive 
area was of the same size and form. (Fig. 3). This experiment shows 
that the cornea was re-innervated by neurites that had grown 
through the scar and not from adjacent uninjured nerves. 


HISTOLOGICAL OBSERVATIONS 


Degeneration of Corneal Nerves.—The method of cutting used seems to have bruised 
the nerves very little. The severed‘end of the nerve can often be seen in the preparation 
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with a sharply defined edge. The strictly localized trauma perhaps explains the fact 
that so few neurites degenerate in a retrograde direction, Only a few of the nerves 
show signs of such degeneration and then only for 0.5 mm, backwards. Most of the 
fibres are seen to send out thin filaments towards the scar from the severed end. 

Inside the scar one finds a rapid degeneration of the severed neurites. After 3 days 
there are many degenerated fibres, after 5 days only a few intact ones are to be seen, 
and after 7 days all the fibres seem to have degenerated. The resorbtion of the 
fragments is rapid, and after the 7th day no degeneration products remain. Thin 
fibres possibly disintegrate somewhat later than coarse ones but the difference is not 
great. The few myelinated fibres that have been cut, degenerate in the usual way 
with ovoid formation of the myelin. 

The severed neurites inside the scar degenerate along their whole course. We have 
not seen any remaining peripheral parts of the fibres or any undegenerated network 
of fibres as described by Reiser (1937). 


Sess 


Fic. 4 (a).—Normal nerve with several Fic. 4 (6).— Dividing nerve 
neurites in Schwann sheaths. (High trunk. (High magnification). 
magnification). 

Schwann Cells.—We found that the reaction of the Schwann cells after severance of 
corneal nerves differs from that seen in other nerves. The severed nerve end can easily be 
localized even several weeks after the operation. It is then seen outside the scar as a 
sharply defined, clear-cut edge, from which a number of new neurites are growing out. 
The Schwann cells can easily be seen and studied, and no reaction from them was seen 
in any of the preparations. No mitoses were observed. The Schwann cells do not 
proliferate from the severed end of the nerve to take part in the bridging of the scar for 
the new neurites. 3 

The lack of all reaction from the Schwann cells at the cut ends of the corneal nerves 
both inside and outside the scar explains why such cells never are seen in the scar tissue 
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in the cornea. In nerves other than corneal, the Schwann cells play an active part in 
crossing the gap between the severed ends, and form a bridge for the proliferating 
neurites (Rexed, 1942). In the cornea, however, the gap is filled only by stroma cells, 
and the neurites receive no assistance from Schwann cells in bridging the gap between 
the severed nerve ends. 

In the nerve stump inside the scar there is no reaction of the Schwann cells as in the 
peripheral stump of other severed nerves. No mitoses have been seen and there 
appears to be no increase in the number of nuclei in the bands of Schwann cells inside 
the scar. 

The reactions of the Schwann cells which are seen in other parts of the body are 
entirely absent in the central and peripheral ends of severed corneal nerves. 

The corneal nerves inside the scar are not of quite the same appearance after 
degeneration as before. With the histological technique used here it is very difficult 
to see any boundaries between the Schwann cells of the different neurites in an intact 
corneal nerve. Several authors consider the Schwann cells to be made up of a 
syncytium (Boeke, 1926 ; Nageotte and Guyon, 1926), regarding them as continuous 
and forming a large cylinder common to all the neurites of the nerve. A few days after 
section of the nerves we found that they began to take on a striated appearance (Fig. 5), 
although all the neurites had degenerated. In a few places, especially where the nerve 
trunk divides, one can see that the apparently homogeneous nerve sheath consists of a 
bundle of empty Schwann cells. Even when most of the nerves have regenerated one 
can find separate Schwann sheaths which have not become re-innervated. 


Re-innervation.—The. severed ends of the nerves on the outside of the scar show 
regeneration reactions after 3 days. Single neurites then send out small filamentous 
processes: which grow from the neurite towards the scar or parallel to it.- On the 
5th day many of the nerves have sent out neurites towards the:scar and on the 7th day 


one finds a profuse proliferation. Nearly all the severed neurites ultimately send out 
new ones (Fig. 6) which grow out either from the cut edge or from the last few 
millimeters nearest the cut. 

The new neurites do not usually grow through the scar directly, but often follow it 
for a distance before turning and penetrating it (Fig. 7). Thus whole bundles of new 
neurites run in a circular direction, close to the outside, and just inside, the scar. In 
tissue culture, growing neurites often follow preformed structures in the substrate, 
i.e., they grow stereotactically (Weiss, 1934). The corneal cells show a tendency to 
arrange themselves end to end along the circular scar, and the axons follow the cells 
in the same direction. 

Once they have arrived there, the new neurites soon cross the scar. Five days after 
section single neurites grow into the scar, and by the 7th day several will have 
penetrated it. After 12 to 21°days an increasing network of new fibres may be seen 
inside the scar in the denervated cornea (Fig. 8). 

Since there is no proliferation whatsoever of the Schwann cells, the neurites penetrate 
the scar without any Schwann sheath. Sometimes a neurite may be seen growing alcng 
an elongated cell which might be considered to be a sheath cell, but it often leaves 
these cells and grows out on its own. This manner of growth can be explained as 
stereotaxis, the neurite seeking a mechanical support. Where such relations between 
neurites and cells are not seen one must assume that the neurite is supported by inter- 
cellular structures, which do not stain with the technique used: | . 

Both inside and outside the scar a large number of fibres grow in bundles in a 
circular direction. After the neurite has grown for a short stretch along the scar,. it 
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turns and grows in towards the centre of the cornea. In this zone one often finds a 
new proliferation of neurites. Those which have crossed the scar divide repeatedly 


Fic. 5.—Denervated nerve trunk Fic. 6.—Nerve trunk outside the scar 21 
21 days after severance. The days after severance, showing sprouting of 
empty Schwann sheaths are numerous new neurites. The scar is down- 
a we oe (High mag- wards in the picture. (Low magnification). 
nification). 


Fic. 7.—New neurites growing circu- Fic. 8.—New, naked neurites dividing 
larly outside the scar which can be repeatedly inside the scar. 43 days 
seen in the top right-hand corner of after severance. (Medium magnifica- 
the picture. 43 days after severance. tion). 

(Low magnification). 
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and give rise to a large number of new branches, so that the number of neurites inside 
the scar is greatly increased. 


Fic. 9.—Naked neurites in ‘the dener- Fic. 10.— Naked neurite in the 
vated area. 21 days after severance. denervated area. 43{days after sever- 
(Low magnification). ance. (High magnification). 


Fic. 11.—Partly re-innervated Schwann Fic. 12.—Empty Schwann sheath with 
sheath with naked neurites beside it. naked neurites beside it. 43 days 
wi days after severance. (High mag- after severance. (High magnification). 
nification). 
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When the naked neurites leave the scar and grow into the denervated cornea, they 
arrive in a zone where a number of empty Schwann sheaths remain after the 
degeneration of the severed nerve fibres. Some neurites immediately locate the empty 
sheaths, grow into them through their severed ends, and continue their course inside 
the sheath. Other neurites grow naked towards the centre of the cornea without coming 
into contact with any empty sheaths (Figs 9 and 10). It seems to depend mainly on 
chance whether the new neurite finds an empty sheath ; sometimes the new neurites 
grow past the cut end of an empty sheath, and elsewhere bunches of naked neurites grow 
forwards parallel to a partly re-innervated nerve trunk (Figs 11 and 12). No sign was 
observed of a stronger chemotaxis from the cut nerve on the growing neurite, as 
suggested by Forssman (1898). 


In preparations from 12 to 14 days after the section even large nerves may be found that 
are not re-innervated and consist only of empty sheaths, and many of those which have 
become re-innervated contain only a few neurites. After 20 to 30 days most of the 
nerves are re-innervated and it is difficult to find empty nerve trunks. After more 
than 30 days no completely empty nerves are to be seen, though some small side 
branches may be empty, and few of the Schwann sheaths probably never become 
re-innervated. 

In most of the preparations the naked neurites are more abundant in the peripheral 
and deeper parts of the cornea. Perhaps the neurites can only grow for a short 
distance without the support of Schwann sheaths ; they manage to grow through the 
scar, whether because of less compact tissue or because of some positive attraction, but 
after this conditions seem less favourable to further growth. On account of the 
branching of the nerves towards the centre and surface, more empty Schwann sheaths 
are seen in these parts of the newly denervated cornea, which perhaps makes it easier 
for the neurites to find sheaths into which to grow. Whether these circumstances are 
important or whether other factors intervene is hard to say. However, one only finds 
naked neurites in the deeper and more peripheral parts of the cornea near to the scar ; 
here naked neurites have been seen up to 74 months after operation. This shows that 
neurites can regenerate and grow forwards for a certain distance without the support 
of a Schwann sheath. 

The maturation of the regenerating neurites is a slow process. At first they are all 
very thin ; and even 20 days after section, one finds a difference in calibre between the 
different neurites in the re-innervated nerves. After 30 to 40 days the variation in 
calibre is greater and after two months the regenerated neurites have as great a range 
as that of the uninjured nerves. 

A sign of full regeneration is the growing in of the neurites into the subepithelial 
divisions of the nerves. After 20 days one can find new neurites close under the 
epithelial layer in the vicinity of the scar. After 26 days these subepithelial fibres are 
found in all parts of the denervated cornea and the older the preparation the more 
numerous the fibres. Because their structure is very delicate even in the normal cornea, 
and is therefore difficult to see in the preparations, it is hard to name any exact time 
for the regeneration of subepithelial nerve fibres. 

The finest divisions of the nerves lying in the corneal epithelium are very difficult to 
study. The staining methods which have given very good results for larger fibres and 
above all for the Schwann sheaths, have not been completely successful for the fine 
intra-epithelial fibres even in the normal uninjured cornea. Therefore it has not been 
possible to draw definite conclusions regarding intra-epithelial nerve regeneration. 
In some of our older preparations however, free intra-epithelial nerve branchings of 
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the same type as those seen in the normal cornea appeared, and we therefore consider 
that even these parts of the nerves may be regenerated. We did not see any special 
end-formations in any of our preparations, 


DISCUSSION 


A comparison between de- and regeneration processes in ordinary 
peripheral nerves and in corneal nerves is of great interest. Ramon y 
Cajal (1928) and Boeke (1935) have reviewed the literature on these 
processes in peripheral nerves. The process of disintegration and 
resorbtion of the nerve fibres in the cornea is complete in a few days, 
taking much less time than in a peripheral nerve where remains of the 
disintegrating nerves are still to be seen after several weeks. 
Probably the absence of myelin sheaths’ in the cornea causes this 
difference, for in the degeneration of a peripheral nerve one finds that 
the myelin sheaths are the last to disappear. The axis cylinder, 
having a high water content, is probably more rapidly resorbed. 


The absence in the cornea of every sign of reaction from the 
Schwann cells is the greatest difference between the process of 
de- and regeneration in the corneal nerves and in other peripheral 
nerves. Usually the proliferation of the Schwann cells bridges the 
gap and leads the regenerating neurites in the right direction. In all 
other peripheral nerves the neurites invariably grow out into the mass 
of proliferated Schwann sheaths, the so-called Bungners bands. 
Bethe (1903) considers that the Schwann cells form the new neurites, 
and Boeke (1935), considers them indispensable for the regeneration 
and growth of new neurites. The proliferation of Schwann cells is, 
however, an independent reaction which has an identical course 
even in the absence of axons (Rexed, 1942). 


The experiments described here clearly demonstrate that new 
neurites can grow out without the support or stimulus of .Schwann 
cells and that the axons can survive without Schwann sheaths. Since 
the classical experiments of Harrison in tissue cultures it has been 
known that naked axons can grow and proliferate in yitro. We 
have now been able to demonstrate that they even can grow naked in 
the organism in vivo, a fact that could not be ascertained in other 
parts of the organism on account of the simultaneous proliferation 
of the Schwann sheaths. 


Why the Schwann cells do not proliferate in the cornea is difficult 
to say. Perhaps it has to do with the peculiar chemical composition 
of the corneal stroma. The intercellular substance is rich in 
mucopolysaccharides which Balazs and Holmgren (1949) have shown 
to have a highly inhibitive action on the proliferation of fibroblasts 
in tissue culture. Possibly the high concentration of these substances 
can inhibit the growth of Schwann cells. However, there is a 





48 BROR REXED AND URSULA REXED 


lively proliferation of corneal cells in the scar which then ought to 
be inhibited in the same way. Another possible explanation is that 
Schwann cells do not proliferate in non-myelinated nerves (Joseph, 
1948). 


All other processes in the regeneration of corneal nerves take 
place in the same way as in other peripheral nerves. 


SUMMARY 


The de- and regeneration of the corneal nerves has been studied 
in rabbits. In 41 eyes the corneal substance was cut through down 
to Descemet’s membrane so that the nerves were completely severed. 
The resulting processes in the nerves were followed. Nervous 
function was tested and histologic preparations were made at 
intervals from 3 days to 74 months after operation. 


The size and form of the denervated area was mapped out. By 
means of repeated operations it was possible to demonstrate that the 
re-innervation took place from the severed nerves and not from 
intact nerves. Good correlation was found between histologically 
observed re-innervation and return of sensitivity. The area 
immediately inside the scar regained sensitivity after 2 to 4 weeks in 
young animals and 5 to 7 weeks in adults. The whole of the cornea 
regained its sensitivity after 3 to 5 weeks in young animals and 
7 to 8 weeks in adults. 


The severed end of the nerve outside the scar showed little 
degeneration. Inside the scar the peripheral fibres degenerated after 
3 days, and on the 7th day all the neurites had degenerated and the 
degeneration products were completely resorbed. 


Schwann cells did not proliferate and did not grow out into the 
gap, from either the central or the peripheral cut end of the nerve. 
There was no proliferation of Schwann cells in the degenerated 
nerves. 


Three days after section new neurites started to grow out from the 
cut nerve outside the scar. On the 7th day the growth of new 
neurites was abundant, and after 2 to 3 weeks there were many 
neurites close outside the scar. In the denervated parts of the 
cornea the fibres grew towards the centre, partiy in the old Schwann 
sheaths, and partly naked without any sheath. In the more central 
parts of the cornea most of the neurites grew in sheaths. No empty 
nerve trunks were found later than 30 days after section. After 26 
days subepithelial fibres were seen in the denervated parts in all 
. cases. The method used did not allow good staining of intra- 
epithelial fibres. 
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AUREOMYCIN IN TRACHOMA* 
BY 


M. A. SHAH 
Department of Ophthalmology, Dow Medical College, Karachi, Pakistan 


A FEW reports have recently appeared in the literature concerning 
the efficacy of aureomycin (Lederle) in various types of ophthalmic 
infection, including trachoma. Thus, Braley and Sanders (1949), 
Moutinho and others (1949), Duke-Elder and others (1950), and 
Bellows and others (1950) report encouraging results from the use of 
this drug in trachoma. Since the total number of cases treated was 
extremely small (eleven in all), the drug has now been tried with a 
larger number of patients to evaluate its efficacy in trachoma, 
which is extremely widespread in the sub-continent of India. 

Every clinical evaluation of a treatment requires a criterion 
whereby improvement may be assessed. Experience has shown that, 
in as much as trachomatous pannus is a concomitant feature of the 
disease which is easily appreciated, its regression or disappearance 
may be used to assess improvement or cure in trachoma. In this 
connexion it is interesting to note that in one reported series 
(Duke-Elder and others, 1950) the pannus (which, in some cases, was 
so well marked as to be visible to the naked eye) regressed so much 
within a few days of aureomycin therapy, as to be hardly discernable 
even with a slit lamp. 

MATERIAL 

Seventy-five cases (54 men and 21 women), of different age groups, ranging between 
6 and 70 years of age (Table I), and suffering from trachoma with unmistakable 
pannus (as seen with oblique illumination, and a corneal loupe) were admitted as 
in-patients for treatment with aureomycin. Before the treatment was begun, the extent 
and type of the pannus, the stage of trachoma, and any complications were recorded. 


TABLE I 
AGE GROUPS OF PATIENTS 
| | 
Years... | 1-9 | 10-19 | 20-29 | 30-39 | 40-49 | 50-59 | 60-69 70. | Total 
ves See | 22 doe le ‘OS ais See eee eae ee 
| | | 
In the majority of cases (61) the pannus was of the fine type (pannus tenuis), and in 
the rest (14) it was coarser (pannus vasculosus). It was present all round the cornea 
in six cases (Table II), and limited to the upper part in the rest. In all cases but one 
it was progressive. Two-thirds of all the cases were in the second stage of trachoma 
(MacCallen’s classification), and the remainder were in the third stage. 








No. 








*Received for publication September 45, 1950. 
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TABLE II 
EXTENT OF PANNUS 








: | Upper 1/3 Midway | Up to Pupil | Upper Half 


ix ae A ee ae 6 
' | | 











MODE OF TREATMENT 

Aureomycin hydrochloride was converted into aureomycin borate by the following 

formula (Duke-Elder and others) : 
Aureomycin HC1 ... ... 25 mg. 
Sodium borate... ... 25 mg. 
Sodium chloride ... ... 625 mg. 
Distilled water... .. Sm. 

Fresh supplies were prepared every 48 hours, and the solution was kept continuously 
on ice. A drop of the solution was put into each eye every two hours, day and night 
(except between midnight and 6 a.m.). The duration of treatment varied from 7 days 
(three cases) to 55 days (one case) ; in the majority it lasted from 8 to 14 days (49 cases, 
Table III). The patients were examined for improvement at weekly intervals. 


TABLE Ill 
DURATION OF TREATMENT 




















RESULTS 


In all but two cases there was dramatic improvement, the eye 
becoming white within five to seven days. Of the two refractory 
cases, one (aged 22, second stage trachoma, pannus tenuis midway 
between the limbus and the pupil) underwent treatment for seven 
days, and the other (aged 20, second stage trachoma, pannus tenuis 
up to pupil) for 21 days. Unfortunately reasons for the failure of 
the drug in these two cases could not be investigated. 

Regression of the pannus (as seen with oblique illumination and 
the loupe) occurred in six cases. This change was noticed in two 
cases on the eighth day, in one on the tenth day, and in the remaining 
three on the sixteenth day. Five of these cases were in the second 
stage, and one in the third stage of trachoma. The pannus was of 
the fine type before treatment in all of them. No further improve- 
ment took place, even though in two of them treatment was continued 
until the 20th and 29th day respectively. In another cases (with 
well-marked follicles) the follicles disappeared after 32 days of 
treatment, but the pannus remained unchanged even after 55 days. 

The treatment appeared to have no effect on the pannus in the 
remaining 69 cases. 
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DISCUSSION 


Generally speaking, patients with trachoma do not seek medical 
advice unless there is some complication (usually a slight super-added 
infection, giving rise to irritation, lacrimation, and redness, with a 
merely nominal discharge in the mornings). Aureomycin relieves 
these symptoms, and though other antibiotics and chemotherapeutic 
drugs do the same, the results obtained with aureomycin are more 
dramatic, and the duration of treatment shorter. 


Aureomycin failed, however, to produce any beneficial effect-on 
the pannus (the sine qua non of trachoma) in 92 per cent. of cases. 
In the six cases (8 per cent.) in which the pannus became regressive, 
it did not disappear altogether after further treatment, and this makes 
it difficult to say whether the improvement noticed was due to the 
drug used, or to the fact that the disease had already spent its force. 
It is interesting, in this connexion, to record that clinically two 
different types of trachoma cases were encountered ; one, in which 
the disease is almost self-limiting and causes few complications even 
after the lapse of decades, and a second, in which the disease is 
progressive and runs the usual four-stage course. The cases showing 
regressive pannus under treatment may belong to the first category. 

These results run counter to those published by other authors. 
One possible source of error is that pure aureomycin hydrochloride 
for making the borate solution was not available, and that used was 
the one supplied in capsules of 250 mg. each. Nevertheless, the rapid 
improvement in symptoms in almost all cases gave clinical proof 
that the solution used was potent. 


SUMMARY 


A report is presented of the treatment of trachoma by aureomycin 
(Lederle) in 75 cases. It is concluded that although the drug 
controls the symptoms of the disease, it appears to have no effect 
upon the trachomatous pannus. 


I wish to thank Professor M. Haq (Pharmacology Department), and Dr. G. M. Awan 
(Civil Hospital) for help during this investigation. 
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CASE NOTES 
A RODENT CYST* 


BY : 
P. O. ELLISON anp E. M. G. GALTON 


History.—H.L.B., a healthy man aged 70, complained of a cyst 
in his left lower lid. He had refused to have it removed when it was 
first noticed 7 yearsago. Since that time it had discharged “water” 
about every three or four weeks ; but as it had become so large and 
had failed to discharge as usual he now felt something should be done. 

The swelling was about the size of a large grape, and had the 
consistency of a thin-walled, fairly tense cyst (Fig. 1). It was 
situated between the skin and the tarsal plate, and reached the lid 
margin. The covering skin was smooth and freely moveable except 
for a small area at the apex which was covered by a thin scab firmly 

attached [to the cyst wall. 
The base was|not attached 
to the tarsus. It could be 
brightlyl transilluminated. 
No neighbouring glands 
were palpable. 
Consideration of these 
= physical signs, the long 
_. history, and the repeated 
discharge of a _ watery 
character pointed to a 
diagnosis of a cyst— 
adenoma of a sweat gland 
(Clifton and Gordon, 
1947). The complete 
absence of any firm tissue 
; was felt to exclude the 
Fic. 1.—Cyst, showing apical scab. possibility of the presence 
of a rodent ulcer. At operation a well defined capsule was found, 
the cyst with its attached apical skin was easily dissected out. 

Pathological Report.—The specimen is 15 mm. long and 7 mm. deep with a fairly 
smooth surface. Incision reveals a flattened cyst having a wall varying in thickness 
from 1 to 3 mm. (Fig. 2). No loculi or multiple cysts are visible macroscopically. 
The thickened wall is external, and has a covering of stratified squamous epithelium. 

On magnification the cyst is seen to be very superficial with a thin scaly epidermis. 
The cyst wall is mainly composed of tumour tissue which in some places appears to 
arise from the peidermis. The cells of the growth are arranged in bundles of varying 
size, characteristic of a basal-celled carcinoma. 

* Received for publication September 26, 1950. 
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Fic. 2.—Section of cyst ( x 83), showing (a) stratified epithelial lining of 
thick oval area of wall, and epithelium in centre of this area. 


Fic. 3.—Section of wall of cyst ( x 69). 


The cells stain deeply and have little cytoplasm ; the outer palisade layer is well 
marked, and the remainder are polygonal. There are no prickle cells or cell nests. 
The small groups of cells are solid with no sign of tubule formation. Some of the 
larger bundles have reticulated appearance. This is not a mixed rodent (Fig. 3). 





A RODENT CYST 


Fic. 4.—Section of a true cystic rodent ulcer (X25). The cysts are 
almost equal in size to the tumour elements. Compare magnification 
with that of Fig. 2. 


In the thickest part of the cyst wall there is a partial lining of epithelium (Fig. 2), 
and within the wall itself in this region is a mass of stratified squamous epithelium. 
This area shows signs of chronic inflammation with round-cell infiltration and fibrosis. 
There is a considerable quantity of pigment which gives an intense iron reaction and is 
undoubtedly derived from blood. Several islands of growth are present. There is a 
small collection of sweat tubules at the periphery of the deep aspect of the tumour. 

This cyst is clearly a basal-celled carcinoma. For it to appear as 
a cyst of such a size is extremely rare (Percival and others, 1947) ; 
it might be due to mucoid degeneration, or it might arise from the 
enlargement of one cyst of a cystic rodent ulcer (Fig. 4). In the 
present case there is no sign of any mucoid degeneration, cyst 
formation, or tubular arrangement in the islands of growth. There 
is, however, a partial lining of squamous stratified epithelium. It is 
suggested that it is an example of a “rodent ulcer” arising in the 
wall of a keratin cyst. The cyst had ruptured and discharged its 
contents on several occasions thus washing out any keratin it may 
have contained. Willis (1948) suggests that carcinogenic substances 
can be secreted into keratin (sebaceous) cysts, which would explain the 
site and onset of some squamous and basal-celled carcinomata. 

We wish to thank Mr. Eugéne Wolff for his kind interest and help. 
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BOOK REVIEWS 


Surgery of the Eye: Injuries. By A. CALLAHAN. 1950. Blackwell Scientific 
Publications, Oxford. Pp. 240, 367 illus., 20 col. (84s.). 


The injuries sustained during the recent war undoubtedly provided a mass of material 
for reformative and reconstructive surgery on a scale never before reached, because of 
the high survival rate of the wounded which was rendered possible by such life-saving 
measures as blood transfusion and abiotic drugs. This book records the author’s 
experience of some three thousand such cases with injuries of the eye and its adnexa 
as well as large numbers of typical injuries of the civilian type, many of which have 
been followed up for five or six years—a matter of some importance since many 
reparative procedures which appear immediately satisfactory do not stand the test of 
time. Injuries to the eye itself are discussed systematically, each with the appropriate 
treatment—to the conjunctiva, cornea, sclera, uveal tract, lens, and retina. Intra- 
ocular foreign bodies, the removal of the eye, and lacerations of the lids and lacrima} 
passages are described, and special chapters are devoted to the correction of the 
deformity of retraction of the upper lid after excision of the eye by the implantation of 
fascia lata anterior to the tarso-orbital fascia, and to the realignment of the common 
dislocation of the canthi by wiring directly to the bone. The plastic procedures 
involved in the reconstruction of the lids after injury by pedicle flaps, tube pedicles. 
and free skin grafts are fully discussed, as well as the different techniques available for 
dealing with traumatic ptosis. The remainder of the book deals with reconstruction 
of the fractured orbit and the contracted socket, and the use of prostheses. 

No attempt is made to describe large numbers of alternative methods of treatment, 
but the techniques which in the author’s practice have given the best results are presented 
in considerable detail ; the volume is thus a personal record of much value. Walker’s 
micropins are used in retinal detachment, the posterior route is employed for the 


removal of foreign bodies from the vitreous in a technique wherein the magnet is put 
up to a trephine hole in the sclera, an Allen implant or buried spheres of methyl 


methacrylate are advised after excision, and in bony injuries of the orbit considerable 
use is made of grafts of bone and cartilage and implants of acrylic resin and tantalum 
to repair deficiencies in the orbital walls or to camouflage residual deformities. 

The book is luxuriously printed and beautifully illustrated. It may be questioned, 
however, whether the modern habit of publishing purely technical books in so lavish a 
style is necessary or advisable if it makes a relatively small volume so extremely expensive. 


Eyes in Industry. By H. S. KuHN. Second edition, 1950. H. K. Lewis, London, 


Pp. 378, 151 illus. (60s.). 

Eye problems have assumed such an importance and such a proportion in industry 
that they constitute a speciality within a speciality. They are much beyond the scope 
of the layman and, indeed, carry implications which can only rightly be understood and 
dealt with by the eye-doctor. But even he cannot, with modern requirements, be 


expected to solve such problems satisfactorily without previous knowledge of the 
industrial factors which condition them, This book is an attempt to enlighten the 
oculist regarding aspects of his work which normally lie outside his usual practice. 
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The author exhorts ophthalmologists to overcome their antipathy to statisticians. 
A man, on engagement, should be ocularly fit for the top job in his particular department. 
Though the best and quickest work is obtained from those whose sight is normal at 
the required working distance, a certain latitude is permissible in gross work. Further, 
good vision means a lower, accident rate. The visual requirements are given for clerical 
and administrative staff, vehicle operators, close machine workers, machine operators, 
mechanical and skilled workers, and labourers with.a covering note that there are jobs 
so highly specialized that they do not come into any of the above groups. Careful 
assessment of the tasks to be performed is necessary before glasses are prescribed. 

There is a very full discussion of industrial eye diseases and injuries and their 

treatment. It is stated that 20/15 and not 20/20 should be considered normal vision 
and that a monocular cataract should be operated on and a correcting glass given even 
though the vision of the other eye is normal without correction. 
_ Finally, several formulae are given whereby the binocular visual acuity or arnount 
of disability following accident can be calculated in percentages. Some of these 
formulae were considered by the now extinct Prevention of Blindness Committee in 
Great Britain which sat in 1930, but were found to be too inaccurate to ensure that 
justice was done to the worker’s eyes whether healthy or injured. 


Recent Advances in Ophthalmology. By Sir Stewart Duke-ELperR and ALLEN J. B. 
GotpsmitH. Fourth edition, 1950, J. and A. Churchill, London. Pp. 372 
+ xi, 133 illus., 6 col. (28s.). 


Clinicians often complain that their medical journals contain too much technical 
detail about work which is intelligible to only a minority of readers. Methods of 


investigation tend to grow more complicated until they require a team of special 


workers, and such people are often constrained to set out results with the aid of 
mathematical formulae, so that their papers teem with charts, tables, and graphs. 
The ordinary reader is discouraged by such austere productions, although he may 
admit that practical methods of diagnosis and therapy can seldom be devised without 
long preliminary experimentation. Most laboratory research workers have little or no 
direct familiarity with clinical details, and only a smattering of physics and biochemistry 
lingers -in the mind of the average clinician. What right therefore have we to expect 
a Satisfactory account of modern developments in our subject from two busy practising 
ophthalmologists ? 

Sir Stewart Duke-Elder and Mr. Goldsmith have brilliantly supplied the answer. 
Mere assiduous compilation from the literature could easily have produced something 
like ‘** the Sahara in salt-spoonsful ”, but this book presents facts and theories which 
have not only been studied but also cleverly arranged and submitted to critical 
assessment. These good qualities owe much to Sir Stewart’s early training in physics, 
biochemistry, and experimental physiology, and to Mr. Goldsmith’s intensive 
knowledge of ocular pathology. Both authors have the gift of describing clinical 
phenomena, and they correlate the signs observed in glaucoma with facts gleaned from 
the laboratory. New work on corneal permeability is helpfully reviewed, special 
attention being drawn to its bearing upon the choice of therapeutic excipients, and 
upon the question of prognosis after injury by different chemical substances. Similarly, 
the pathology of the lens is considered in close relation to modern discoveries regarding 


metabolism. 
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_ Messrs, Churchill deserve to be congratulated upon the technical production ; 
paper and printing are excellent, the illustrations are skilfully disposed, and the proof- 
readers have conscientiously fulfilled their task. The authors have evidently decided— 
and rightly, as most readers will agree—that detailed consideration of corneal grafting 
should be omitted, in view of the immense number of monographs and symposia 
published on this subject within the last three years. Ophthalmologists who wish to 
- obtain up-to-date information about chemotherapy and antibiotics, toxoplasmosis, 
virus diseases, endocrine exophthalmos, kerato-conjunctivitis sicca, and gonioscopy will 
here find all these subjects efficiently treated. Intending readers are strongly advised, 
however, not to be content with looking up a few stray points, for this fourth edition 
of Recent Advances should be read from cover to cover. 


Physiology of the Eye. Volume I, Optics. By A. Linxsz. 1950. Grune and Stratton, 
New York. Pp. 334, 137 figs. (#7.50). : 
This is the first of three volumes on the physiology of the eye, the subsequent ones 
are to deal with the physiology of vision and the biochemistry of the eye. The author 
states in his preface that “‘ the real title of the book should be ‘ An introduction to 
Duke-Elder’s Textbook, Volume I’ ”’, which he regards as “‘ the greatest textbook ever 
‘written by an ophthalmologist”. “Optics” is a transcript of lectures given during 
1947-49, and for this reason is written in a more conversational style than most textbooks. 
-For example, one finds the reader advised to follow the text step-by-step and not to 
skip pages with the idea that he wants to learn only the important formulae for 
examination purposes. Should he do this “ he had better skip the whole chapter. He 
has bought the wrong book and won’t get his money’s worth ”’. 

“Optics ’” is divided into three main sections, the first dealing with the Physics of 
Light and the second with Geometrical Optics, while the third describes the eye as an 
** Image-Forming Mechanism”’. 

In these, nothing is left unexplained, and analogy is freely used with a pleasantly 
philosophical background. In discussing the wave theory of light, the author tells us 
how, when a stone is thrown into a pond, the individual particles of water merely 
move up and down and yet produce a wave spreading in wider and wider circles, so 
that in certain aspects motion may become independent of matter ; again in describing 
how light is both a quantum and a wave (in other words both matter and energy) the 
author remarks that this shows the validity of Hegel’s great concept that a thesis and 
its antithesis resolve in a synthesis when taken to a higher level. A wide philosophical 
outlook such as this cannot fail to have an effect on the author’s style of writing and 
even in the section on geometrical optics the text is kept alive. Among other things 
Dr. Linksz is always careful to explain the assumptions made in arriving at the 
conventional formulae and in drawing the conventional diagrams. In dealing with 
concave mirrors, for example, he points out that it is only a parabolic surface which 
will bring parallel rays to a point focus and gives an excellent diagram of the caustic 
produced by a spherical mirror. He goes on to justify current practice by 
saying that “ the introduction of computations of purposefully limited accuracy is one 
of the greatest achievements of the human mind”’, and that accuracy beyond a certain 
limit is a waste of time and energy. He quotes Newton and Liebnitz, the fathers of 
the infinitesimal calculus, as the originators of this discovery. A particularly good 
illustration of its value is given in the description of the schematic eye, wherein, by making 
approximations, the complicated optical system of the human eye can be reduced to 
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a single refracting surface, thereby greatly simplifying many computations. True to 
his métier, the author is at pains to explain that such an eye is “‘ bare of any trace of 


reality’’, though it is useful to mathematicians in much the same way as other non- 
existent quantities such as the square root of minus one. 

Particularly to be commended is the discussion on errors of refraction and the 
account of recent work by Steiger, Stenstrém, Goldman and Hagen, and other 


investigators. This leads up to the theory of correlation between the axial length of 
the eyeball and its refractive power, which is held accountable for the excessive 


number of “ normals ” and low hypermetropes in an average sample of the population. 

Omissions in this volume will probably be made good in those which are to follow, 
and we hope that the author will find time and space in which to deal with the 
subjects of contact and iseikonic lenses. 

A book of this type is not easy to review. That it will be useful to students of 
ophthalmology goes without saying, but its outstanding characteristic is the attractive 
way in which the bare bones of what is usually regarded as a dull subject have been 
covered. One cannot but envy the students who have been fortunate enough to 
listen to this course of lectures. 


Reviewed in Ophthalmic Literature 


Technical Optics. Vol. If. By L. C. MARTIN. 1950. Sir Isaac Pitman and Sons, 
London. Pp. 334, 258 figs. (40s.). 
The second volume of Martin’s Technical Optics deals with the construction and 
performance of optical instruments and follows its predecessor which discussed the 
general theory of technical optics. 


NOTES 


THE OPHTHALMOLOGICAL SOCIETY OF AUSTRALIA 


(BRITISH MEDICAL ASSOCIATION) 


Tue Tenth Annual Meeting of the Ophthalmological Society of 
Australia (B.M.A.) was held at Brisbane from May 29 to June 2, 
1950. Twenty-one members attended, the representatives of the 
respective States numbering eight from Queensland, seven from 
New South Wales, one from Victoria, two from South Australia, 
two from Tasmania, and one from Western Australia. 


The business section of the meeting was presided over by Dr. W. 
Lockhart Gibson, President of the Society. The clinical section 
was carried out in conjunction with the Section of Ophthalmology 
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of the Australasian Medical Congress Seventh Session, presided 
over by Dr. N. McAllister Gregg, President of the section. The 
clinical programme will be abstracted in Ophthalmic Literature. 
Although fewer than usual the papers covered a good range, and pro- 
vided great interest. That they were much appreciated is evidenced 
by the subsequent discussions. The Symposium on Thyrotropic 
Exophthalmos attracted many visitors from other sections of the 
congress. 


The arrangements for the week were carried out by the local 
executives under the presidency of Dr. W. Lockhart Gibson, Dr. 
James Hart proving a very hard working and efficient secretary. 
The social side of congress week was an outstanding success from 
the visitors’ point of view. Interstate visitors carried away with 
them very happy memories of the spontaneity and generosity of the 
hospitality showered on them by their Queensland hosts. 


The following officers were appointed for the ensuing year: 
President : J. Bruce Hamilton. 


Vice-President : G. A Brew. 

Immediate Past-President : W. Lockhart Gibson. 
Honorary Treasurer: A. E. F. Chaffer. 
Honorary Secretary: A. L. Lance. 


The Eleventh Annual General Meeting and Scientific Meeting 
will be held at Hobart, Tasmania, on November 12 to 17, 1951. 
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COMMUNICATIONS 


REACTION OF CORNEAL NERVE FIBRES 
TO INJURY* 


BY 


E. ZANDER? AND G. WEDDELL 
From the Department of Anatomy, University of Oxford 


IN a recent paper (Zander and Weddell, 1951) a description of the 
innervation of the normal cornea is given so far as it can be 
determined by direct observation. In the present paper the results 
are described of a number of experimental procedures designed to 
test the validity of observations made by the direct method and also 
to add facts not obtainable by that method. 

Apart from information on the general pattern of corneal 
innervation, a study of degeneration and regeneration of nerve fibres 
in this tissue provides other data of considerable interest. 

Corneas were examined after the following procedures had been 
carried out: 

(1) corneal autografting; 

(2) keratotomy; 

(3) section or avulsion of the infra-orbital nerve; 

(4) section of the ciliary nerves; 

(5) removal of the superior cervical sympathetic ganglion; 
(6) destruction of the Gasserian ganglion. 


MATERIAL AND METHODS 


The.animals used were rabbits weighing between 2 and 3 kg. and two rhesus monkeys. 
For the operative procedures they were anesthetized with nembutal given intravenously. 
At the end of the experimental period the animals were killed with an overdose of 
nembutal. 

The corneal nerve fibres were either stained with methylene blue or impregnated with 
silver. Details of the methods used have already been published (Weddell and Zander, 
1950). Briefly, staining is carried out by the introduction of a dilute solution of dye 
into the anterior chamber of the eye, where it is allowed to remain for a specified time. 
After staining, the cornea is very carefully removed with sharp scissors and prepared 
for microscopical examination after fixation of the dye with a mixture of ammonium 
molybdate and ammonium picrate. The details of the fixation process are complicated 





* Received for publication October 18, 1950. 
+In receipt of a grant from the Swiss “Stiftung fiir biologisch dizini 
leave from the Neurosurgical Clinic, University of Ziirich. 
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and must be carried out with extreme care. The silver-impregnation method has its 
basis in the procedure described by Glees (1946), but a number of modifications have 
been introduced to make it suitable for the cornea. 


EXPERIMENTAL PROCEDURES 


(1) CORNEAL AUTOGRAFTING. 


The primary purpose of these experiments was to study the 
process of degeneration of corneal nerve fibres. 

It has been claimed by a number of authors that the process in the 
cornea is much slower than elsewhere in the body (e.g., Leoz Ortin, 
1915, 1917; Escapini, 1948), and autografting some two-thirds of 
the cornea seemed the most suitable method of testing this statement. 
In addition, it was hoped that some information on the relation 
between opacity in grafts and their nerve supply might be obtained. 

Little work seems to have been done on the behaviour of nerve 
fibres in corneal grafts. Franceschetti and Babel (1947) have 
described the nerve supply of a corneal heterograft in man 6 years 
after it had been transplanted. The graft had remained transparent 
since it was applied. Following the removal of the cornea they used 
silver-impregnation methods to demonstrate the nerve fibres. They 
found that no nerve bundles entered the graft from the host’s cornea; 
the bundles either took a recurrent course or ran round the graft. 
A few single nerve fibres penetrated the scar and entered the graft, 
where they gave rise to a profuse plexiform network of nerve fibres 
situated just beneath the epithelium. The authors concluded that 
the presence of these nerve fibres was responsible for the transparency 
of the graft, for no nerve fibres were found in opaque grafts which 
they examined. Escapini (1948) studied the course of degeneration 
and regeneration of nerve fibres in relation to corneal transplants in 
rabbits and concluded that the processes of nerve degeneration and 
regeneration in the cornea resemble those in other tissue except that 
they are much slower. He finds, in contradistinction to 
Franceschetti and Babel, that opaque grafts appear to be as well 
innervated and as sensitive as clear ones. 

Operation.—In all, fifteen rabbits were used. The animals were anaesthetized with 
nembutal, and sufficient eserine solution was placed in the conjunctival sac to obtain 
a constricted pupil. A small circumferential incision was made right through the 
cornea with a keratome, one-third of the distance from the limbus to the centre of 
the pupil, and this was immediately resutured with a No. 1 nylon thread. This 
procedure was continued until two-thirds of the central part of the cornea had been 
completely excised and resutured into its original position with about ten stitches. 
If there was an iris prolapse which could not be reduced, the protruding portion was 
excised. The lids were subsequently sewn together and remained closed for 
14 days, after which the stitches were removed. After removal of the sutures sensory 
tests were commenced. They were carried out with a No. 1 nylon suture and cotton- 
wool, attempts being made to elicit a blink reflex. 
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Observations.—The results of the operations and the fate of the 
grafts are shown in Table I, further observations being grouped 
under five heads, as follows: 

(a) degeneration of nerve fibres ; (d) reaction of the corneal corpuscles; 
(6) return of sensibility ; (e) reaction of the Schwann cells. 
(c) regeneration of nerve fibres; 


TABLE I 
ANALYSIS OF CORNEAL AUTOGRAFT OPERATIONS 





Blink reflex after 
Time between grafting 
Rabbit operation and) state of graft at end of Neurohistological 
oO. 


end of experi- : 

|mental period experimental period saa method used 
of 

period 





(days) 





whole cornea slightly 0 silver impregnation 
Opaque 


whole cornea slightly methylene blue 
opaque 


whole cornea slightly silver impregnation 
opaque 


whole cornea slightly methylene blue 
opaque 


clear silver impregnation 

















whole cornea slightly | 0 methylene blue 
opaque 


clear 0 + silver impregnation 








upper half of cornea 0 methylene blue 
opaque 


clear + | silver impregnation 








centre opaque a + | methylene blue 





centre opaque 1+ + | silver impregnation 





clear +-+ | silver impregnation 





clear 0 + | methylene blue 





upper half of cornea + - |4+4+4/ silver impregnation 
slightly opaque 


























clear | - +++) methylene blue 





= no reflex = brisk response 
ae = response equivalent to that 
= doubtful response obtained in unoperated eye 


= weak response = reflex not tested for 
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Frc. 8. 
Fics 1-9.—Condition of degenerating nerve fibres in rabbit corneal autografts 


at various periods after operation. 
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Fic. 1.—Silver-impregnated preparation 2 days after operation. It shows 
a nerve bundle in the substantia propria. Some of the nerve fibres are 
severely affected; even the smooth axis cylinder is very swollen. (x 463) 


Fic. 2.—Methylene-blue stained preparation 2 days after operation. It 
shows a nerve bundle in the substantia propria in which all the axons are 
showing signs of degenerative change. (x 193) 

Fic. 3.—Silver-impregnated preparation 2 days after operation. The axon 
in the substantia propria is swollen and “neurofibrillae” are developing. (x 463) 
Fic. 4.—Silver-impregnated preparation 2 days after operation. The axons 
in the substantia propria show typical signs of degenerative change. (x 1130) 
Fic. 5.—Silver-impregnated preparation 7 days after operation. The 
axons in the substantia propria are in an advanced state of degeneration. (x 595) 
Fic. 6.—Silver-impregnated preparation 14 days after operation. It shows 
axon fragments lying on the surface of a Schwann cell in the substantia 
propria. (x 655) 


Fic. 7.—Silver-impregnated preparation 21 days after operation, It shows 
Schwann-cell pathways in the substantia propria. The cytoplasm of the cells 
contains beaded threads. No axon fragments can be seen. (x 655) 


Fic. 8.—Methylene-blue stained preparation 21 days after operation. It 
also shows Schwann-cell pathways in the substantia propria, devoid of axons, 


but containing beaded intra-cytoplasmic threads. (x 519) 


Fic. 9.—Silver-impregnated preparation 2 days after operation. It shows 
the peculiar reaction of the corneal corpuscles. (x 575) 


(a) DEGENERATION OF NERVE FIBRES 


Two days after Grafting —The process of degeneration was marked, and generally 
similar in type and degree to that seen among non-myelinated nerve fibres in the skin 
of the rabbit’s ear by Weddell and Glees (1941), the signs of degeneration taking the 
form of a breaking up of the axis cylinder into “ neurofibrillae ” or of the formation 
of vacuoles within the axis cylinder (Figs 1, 2, 3, 4). At this early stage (as in skin) 
some fibres appear to suffer less than others although all nerve fibres are affected to 
some extent (Fig. 1) in some part of their course. Sections taken to include the incision 
and tissue on either side of it show that nerve fibres proximal to the incision were 
-similarly affected from some 2 mm. More proximally, the fibres appeared to be quite 
normal. 

Seven days after Grafting —The degenerative processes are again similar to those 
seen in the skin of the rabbit’s ear, all the axis cylinders being in a disintegrating 
condition (Fig. 5) except for a few single nerve fibres in the substantia propria at the 
centre of the cornea, which appeared to be more “ resistant ”’. 

Fourteen days after Grafting —The changes are still more severe. All nerve fibres 
are seen to exhibit extensive degenerative changes (Fig. 6). The rate and nature of the 
degenerative process of nerve fibres in the cornea are thus similar to that undergone by 
non-myelinated nerve fibres in skin from the rabbit’s ear. 

Twenty-one days after Grafting.—Only traces of the original nerve fibres can be seen 
as fragments lying along the original Schwann-cell pathways, the process of 
degeneration being virtually complete (Figs 7 and 8). However, regenerating nerve 
fibres can now be seen coursing along a certain number of Schwann-cell pathways- 
“They arise from the severed axons proximal to the scar. 


(b) RETURN OF SENSIBILITY (Table I) 


This was tested as follows: either a No. | nylon suture or a wisp 
-of cotton-wool was lightly applied at right angles to the surface of 
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Fic. 16. Fic. 17. 


Figs 10-17.—Condition of regenerating nerve fibres in rabbit corneal 
autografts at various periods after operation. 
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Fic. 10.—Silver-impregnated preparation 21 days after operation. It 
shows single regenerating axons in the substantia propria which have pierced 


the scar and entered the cornea. They are not related to Schwann-cell 
pathways. (x 670) 


Fic. 11.—Methylene-blue stained preparation 50 days after operation. 
It shows a bundle of immature axons passing along a Schwann-cell pathway 
in the substantia propria. (x 390) 

Fic. 12.—Silver-impregnated preparation 50 days after operation. It 
shows a regenerating axon making its way between the cells of the basal 
epithelial layer. (x 545) 

Fic. 13.—Methylene-blue stained preparation 80 days after operation. 
It shows regenerating beaded axons lying among the epithelial cells. (x 465) 


Fic. 14,—Silver-impregnated preparation 110 days after operation. It 
shows mature regenerated axons in the substantia propria. ine number of 
branches to which one of the axons gives rise is greater than that seen in 
normal specimens. One daughter axon in particular has divided into a 
EY of branches on its way round a cell, the nucleus of which can be seen. 
x 


Fic. 15.—Silver-impregnated preparation 110 days after operation. It 
shows an axon taking a very complicated course in the substantia propria. 


(x 420) 


Fic. 16.—Silver-impregnated preparation 220 days after operation. It shows 
a nerve bundle containing relatively fewer axons than normal, some of 
which are still immature, in the substantia propria. (x 673) 


Fic. 17.—Methylene-blue stained preparation 220 days after operation. 
It shows immature axons ramifying among the epithelial cells. (x 635) 


the graft, these procedures having been found to elicit a brisk 
corneal reflex from a normal cornea at each contact. 


Fourteen days after Grafting —No corneal reflex could be obtained, whether the 
graft was clear or opaque. 

Twenty-one days after Grafting. —A feeble blink reflex could occasionally be obtained 
in the periphery of the graft, but it tired quickly. No response could be elicited with 
cotton-wool, however. The reflex was obtained from animals with opaque as well as 
clear grafts. : 

Seven weeks after Grafting —A response could be obtained at every stimulation in 
the periphery of the graft, but the reflex was not a strong one. Only an occasional 
response was obtained from the centre of the graft. Cotton-wool still elicited no 
response. 

Twelve weeks after Grafting —A brisk and moderately strong response was obtained 
at each stimulus throughout the graft. Cotton-wool now elicited a feeble response 
on some occasions in the periphery of the graft only. 

Sixteen weeks after Grafting—The response to the nylon suture was stronger still 
and cotton-wool now elicited a moderate response each time it was applied to the centre 
of the graft. 

Twenty-eight weeks after Grafting—The response from the grafted side was 
indistinguishable from that obtained from the unoperated side. 


In every case recovery of sensibility in opaque grafts followed a 
course similar to that in clear grafts. 

The observations tabulated above broadly determined the times 
following operation at which the grafts were examined histologically. 





68 E. ZANDER AND G. WEDDELL 


(c) REGENERATION OF NERVE FIBRES 


Twenty-one days after Grafting —A few fine isolated nerve fibres can be seen 
coursing throughout the substantia propria. They can be recognized as regenerating 
nerve fibres by reason of their origin from nerve bundles proximal to the scar and by 
their morphological features (Fig. 10), The fibres are fine, but not of uniform 
diameter; they are made up of a series of interconnected elongated swellings joined by 
segments which are only half as broad. They are quite similar in appearance to those 
seen regenerating in the skin of the rabbit’s ear in the early stages except that they 
seldom appear to terminate in growth. cones; nor do they necessarily grow along 
Schwann-cell pathways: in fact many lie freely among the connective tissue elements 
of the substantia propria. Individual fibres can be traced for relatively long distances 
and many have covered a distance of not less than 0.5 cm. from one side of the graft 
to the other. 

Fifty days after Grafting —Many nerve fibres have now invaded the graft, but they 
only penetrate the scar singly or in pairs, not in the form of closely packed bundles. 
Those fibres which penetrate the scar in the region of a pre-existing Schwann-cell 
pathway follow the latter; but many fibres appear to have forged their own pathways 
and to have progressed as far as those associated with Schwann cells. Thus at this 
stage there are more nerve fibres unassociated with Schwann pathways than in the 
normal cornea. The bundles of nerve fibres situated just beneath the epithelium, 
which are so striking a feature in the normal cornea, are starting to re-form; but the 
course pursued by individual axons composing the bundles is far more complex than 
in the normal cornea. Some axons have reached the epithelium and are giving 
rise to finely beaded fibres (Figs 12 and 13). A proportion of the nerve fibres now 
appears smooth in outline, i.e., they have presumably reached maturity. Many fibres 
are still in a state of immaturity, however; particularly those entering the plexiformly 
arranged bundles (Fig. 11). 

Eighty days after Grafting The graft is full of mature nerve fibres, which, however, 
are all derived from relatively few axons that have penetrated the scar. There is 
still a large number of immature fibres passing towards the epithelium, and the number 
of small beaded fibres in the epithelium is far below that in a normal cornea. The 
peculiar paths taken by, and the complex twistings of, many mature axons are evidence 
of the fact that they are regenerated fibres. In some cases, just as in the skin of the 
rabbit’s.ear, fibres appear to have avoided cells in their pathway, splitting and rejoining 
around them (Fig. 14). In contrast with the ear skin, however, growth cones are 
seldom seen (except in the region of the scar); nor are there large swellings on the 
course of the regenerated nerve. fibres, suggestive of obstruction. There is still a 
number of Schwann-cell pathways devoid of nerve fibres. 

One hundred and ten days after Grafting —Apart from the fact that the axons 
penetrating the scar are not grouped into bundles consisting of up to 30 axons, the 
mass of nerve fibres present in the graft makes it hardly possible to distinguish these 
specimens from normal corneas. Only examination of individual axons, by reason of 
their complex and bizarre course, shows the true state of affairs (Figs 14 and 15). The 
majority of nerve fibres appear to have matured. 

Two hundred and twenty days after Grafting —Many axons are seen in both the 
substantia propria and the epithelium. It is again difficult to distinguish these 
specimens from normal corneas except by examination of individual axons under high 
magnification. There are still immature axons present (Figs 6 and 17). In the 
region of the incision, more axons are now seen to have penetrated into the cornea, 
some in the form of bundles containing ten to fifteen nerve fibres. 





REACTION OF CORNEAL NERVE FIBRES 69 


(d) REACTION OF THE CORNEAL CORPUSCLES 


Two days after Grafting —Many corneal corpuscles have undergone some change 
which makes them visible when the cornea is stained or impregnated by methylene blue 
or silver, using the procedures that are optimal for revealing nerve fibres. (In the 
normal cornea, under these conditions, they remain invisible.). They have assumed a 
stellate form, and their processes have multiplied and become thicker, smoother and 
longer than normal (Fig. 9). These changes are most marked in the region of the 
scar, where every visible corneal corpuscle seems to have been affected in this manner. 
Towards the centre of the graft, whilst the majority of corpyscles are rendered visible 
by techniques optimal for nerve fibres, the morphological changes in many are of less 
degree than in the region of the scar and the shape of the cells resembles more nearly 
those of normal corneal corpuscles. In thin silver preparations it is on occasion 
almost impossible to distinguish processes of altered corneal corpuscles from normal 
nerve fibres. However, in thicker silver sections and methylene-blue stained specimens 
they can be traced from origin to destination, and may thus easily be distinguished 
from nerve fibres (which at this stage all show clear signs of degeneration). 

Three weeks after Grafting —The changes are similar to those seen two days after 
grafting. 

Seven weeks after Grafting —The corneal corpuscles have returned to their normal 
state except in the region of the scar. They are now only rendered visible in large 
numbers by unspecific neurohistological techniques (that is by methods which stain 
other tissue elements as well as nerve fibres), and under such conditions are seen 
morphologically to resemble normal corpuscles. In the region of the scar the cell 
processes lie parallel to the incision, and the cells and their numerous processes are still 
more easily stained or impregnated than usual. 

Twelve, Eighteen, Twenty-four, and Thirty-one weeks after Grafting —No further 
change in the state of the corneal corpuscles has occurred. 


(e) REACTION OF THE SCHWANN CELLS 


Two days after Grafting —The Schwann cells are also rendered visible by techniques 
optimal for the demonstration of nerve fibres. They now appear as a series of solid, 
interconnected strands, containing elongated nuclei and beaded intra-cytoplasmic 
threads. Whereas in the normal state it is only possible to render visible the beaded 
intra-cytoplasmic threads by overstaining or impregnating, and no other portion of the 
cytoplasm, after denervation all the cytoplasmic content of the cells becomes visible. 

Three weeks after Grafting —The Schwann cells react in the same way as they do two 
days after the operation. In a few cases some of the cell columns are seen to be 
associated with regenerating nerve fibres, but this does not alter their staining or 
impregnation reaction (Figs 7 and 8). 

Seven weeks after Grafting. —No significant change can be observed. 

Twelve weeks after Grafting —The Schwann-cell pathways associated with mature 
regenerated nerve fibres are now less readily stained or impregnated. The Schwann-cell 
pathways not associated with nerve fibres still show no significant change. 

Sixteen weeks after Grafting.—It is now difficult to render visible any Schwann-cell 
pathways unless unspecific neurohistological methods are used. No Schwann-cell 
pathways not associated with nerve fibres can be seen, but throughout the graft it is 
occasionally possible to find short elongated columns of cells which are not seen in 
the normal cornea or in grafts before this length of time has elapsed since the operation. 
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Discussion.—It is clear from these observations that, after being 
interrupted, corneal nerve fibres undergo degenerative changes quite 
similar temporally and morphologically to those of unmyelinated 
nerve fibres in skin from the rabbit’s ear (Weddeil and Glees, 1941). 
It is possible that previous authors have mistaken the processes of 
the altered corneal corpuscles for nerve fibres, which would make it 
appear that the process of nerve degeneration in the cornea is a slow 
one. The rapidity with which regenerating nerve fibres enter the 
graft may also have caused confusion, particularly if small grafts 
were used or the cornea was not completely incised. A study of the 
reactions of corneal nerve fibres after keratotomy (vide infra) makes 
it clear that an uncomplicated study of nerve degeneration in the 
cornea is not possible unless a relatively large and complete graft 
is made. 

The rate of regeneration of nerve fibres in the rabbit’s cornea is 
comparable with that seen in the skin from the rabbit’s ear 
(Weddell, 1942). There are, however, minor differences to be noted 
in the behaviour of the nerve fibres. In general, regenerating nerve 
fibres entering and ramifying in the cornea do so without necessarily 
becoming related to Schwann-cell pathways, a condition which does 
not occur in the skin. Moreover, regenerating corneal nerve fibres 
seldom terminate in growth cones as they do in the skin. 

The changes in the Schwann cells after denervation resemble those 
seen in the skin, and it is interesting to note that, in Schwann-cell 
pathways which have been completely denervated, the cytoplasm of 
the cells contains the beaded threads which have in the past been 
confused with nerve fibres (Weddell and Zander, 1950). Indeed, it 
is probable that the presence of these threads led to the notion that 
regenerating nerve fibres advance within the cytoplasm of the 
Schwann cell, when in fact they run along their surface (Holmes and 
Young, 1942). It cannot at present be explained why the cytoplasm 
of Schwann cells as a whole becomes more easily demonstrated after 
denervation. Observations on autografts, like those on the normal 
cornea, have failed to demonstrate the presence of epineurial sheaths 
or endoneurial tubes. 

The most striking change to follow denervation is seen in the 
corneal corpuscles; this has apparently not been noted previously. 
In view of the fact that the reaction of the corpuscles is both more 
severe and more permanent in the neighbourhood of the scar, and 
less severe following destruction of the Gasserian ganglion, it seems 
probable that it is in part related to inflammatory processes consequent 
on the operation. 

Finally, the recovery of sensibility in autografts parallels the 
course of regeneration and is strikingly similar to that obtained in 
the skin of the rabbit’s ear; the most recently regenerated nerve 
fibres apparently not conveying effective impulses when stimulated. 
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Maturation of some degree is a pre-requisite for this function. It is 
quite clear that both the regeneration of nerve fibres and sensory 
recovery take place equally well in transparent and opaque transplants. 


(2) KERATOTOMY. 

Few workers have reported observations on the neurohistological 
changes after keratotomy. However, the operation has been 
performed, in connexion with other studies, and much work has 
been done on the ensuing sensory changes (Schroeder, 1923). 

In 1878 Tizzoni examined corneas from rabbits 44 months 
after keratotomy, using a gold-chloride impregnation method. He 
gives a brief description of the process of degeneration and 
regeneration of nerve fibres, and remarks that degeneration is slow 
in the cornea in view of the presence of degenerating fibres at this 
long periodfollowingoperation. Theprocess of regeneration, hesays, 
takes the form of a replacement of the old nerve fibres by new nerve 
fibres, the growing ends of which are not surmounted by growth 
cones. Schultz (1881), using frogs and a gold-chloride technique, 
states that 3 weeks after keratotomy he was unable to determine 
exactly what was happening, for both degeneration and regeneration 
processes appeared to be taking place simultaneously. Ranvier 
(1881) performed keratotomies in rabbits, only extending as deep as 
Descemet’s membrane, and impregnated them 7 days later with 
gold-chloride. He states that after this period the sector of the 
cornea related to the lesion shows a complete absence of nerve fibres 
in the epithelium, and is sharply distinguished from the surrounding 
cornea in this respect. However, the nerve fibres in the “ plexus 
fundamentalis ” of the substantia propria are all intact. The most 
recent publication on the subject is by Jent (1948) ,who used rabbits, 
staining the corneal nerve fibres with methylene blue. He performed 
his keratotomies in the same way as Ranvier; that is, extending only 
as far as Descemet’s membrane but completely encircling the cornea 
1 mm. from the limbus. He correlated his histological observations 
with sensory tests, and observed that 24 to 48 hours after operation 
the nerve fibres did not stain as well as normally. This he 
attributed to degenerative changes. He believed degeneration to be 
complete after 5 days, for at later periods he could no longer 
demonstrate nerve fibres with methylene blue; moreover, he could 
obtain no blink reflex by stimulation of any part of the cornea. 
He could elicit a feeble, sluggish corneal reflex 28 days after operation 
and observed that nerve fibres could once more be seen after staining 
with methylene blue, thus indicating that regeneration was taking 
place. 

It is thus not clear from the literature how much of the cornea is 
denervated as the result of keratotomy; nor is it clear how, or from 
where, the denervated portion is re-innervated. In view of this, and 
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in order to determine the complete area over which a single corneal 
nerve fibre is distributed—a fact which cannot readily be determined 
in the normal cornea—a series of keratotomies was carried out as 
detailed below. 


Operation.—Only rabbits were used in these experiments. Thirty-eight keratotomies 
passing completely through the cornea were successfully performed, after eserinization 
to obtain a constricted pupil. The length of the incisions varied from } to 4 
of the circumference of the cornea, and they were placed about 1 mm, on the 
corneal side of the limbus. Any irreducible iris prolapse was excised. The incision 
was closed with one or two No. 1 nylon sutures after the operation. The corneal 
sutures were removed 3 weeks after incision in those animals which were not killed 
before this time. In some animals the lids were sutured together for 3 weeks, after 
which both the tarsal and corneal sutures were removed. The operated eyes were 
examined at intervals between 12 hours and 220 days after incision. Nineteen 
specimens were stained with methylene blue and examined as whole preparations; 
nineteen were sectioned and examined as a series of silver-impregnated preparations of 
varying thickness. 

Observations.—Sensory tests and histological investigations were 
carried out at varying periods after operation. ; 


(a) SENSORY 
By using a No. 1 nylon suture and cotton-wool in the manner 


described in connexion with corneal autografts, the relation between 
the ability to arouse a blink reflex from the cornea and the time 


since keratotomy was examined. The results are illustrated in 
Diagram 1 (opposite). 

Keratotomy results immediately in an area of sensory loss in 
which the stimulus employed does not arouse a blink reflex. This 
area does not take the form of a sector of the cornea subtending the 
incision, but is considerably less; on the other hand, the area of 
diminished sensibility is greater. The area of apparently complete 
loss, however, diminishes rapidly during the first 7 days after the 
operation, after which the changes are much slower. On the other 
hand, the area of diminished sensibility remains about the same until 
some 3 weeks after the operation, when it begins to diminish. 
By about the 90th day, and subsequently, sensory recovery (as judged 
by the tests employed) is complete. It is of some interest that about 
28 days after operation the-region of the scar is abnormally sensitive 
so that the lightest stimulus with cotton-wool arouses a vigorous 
blink reflex. As time goes on, this abnormal sensitivity recedes and 
by the 50th day it has disappeared. 


(b) NEUROHISTOLOGICAL 
Twelve hours after Operation.—In the area from which no blink reflex can be aroused, 
all the nerve fibres, particularly those in the epithelium, show signs of degenerative 
changes (Fig. 18). The changes seen are quite similar to those described 12 hours after 
nerve section among non-myelinated fibres in the skin from the rabbit’s ear illustrated 
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D1aGraM 1.—Results of sensory tests at intervals ~ operation. 
Black area complete sensory loss. 
Hatched area partial sensory loss. 
Crosses hypersensitivity. 
Arrows extent of incision. 
by Weddell and Glees (1941). There are also some signs of early degenerative changes 
among nerve fibres beyond the sector subtending the incision. 

Two days after Operation—The condition in various parts of the cornea is 
illustrated in Diagram 2. There are apparently no normal nerve fibres in the region 
of the cornea more than halfway from the scar towards the centre of the cornea. 
There are, however, degenerating fibres to be seen more than halfway from the centre 
of the cornea to the limbus opposite to the site of the operation. The degenerative 


©© 


DIAGRAM 2.—Zone of Be epithelium (6) substantia s over which corneal 
nerve fibres are affected 2 days after operation. 
Black area degenerating nerve fibres. 
Hatched area both degenerating and normal nerve fibres. 
Unshaded area occasional degenerating nerve fibres. 
Arrows extent of incision. 
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Fic, 24. Fic, 25. Fic. 26. ° Fic. 27. 


Figs 18-27.—Condition of nerve fibres in affected zones of rabbit corneas 
at various periods after keratotomy. 
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Fic. 18.—Methylene-blue stained preparation 12 hours after operation. It 
shows early degenerative changes affecting nerve fibres in the epithelium in an 
area of complete sensory loss. (x 220) 

Fic. 19.—Silver-impregnated preparation 2 days after operation. It shows 
a bundle of degenerating nerve fibres in the substantia propria in the 
area of complete sensory loss. (x 560) 

Fic. 20.—Silver-impregnated preparation 2 days after operation. It 
shows a degenerating axon in the substantia propria in the area of complete 
sensory loss. (x 1050) 

Fic. 21.—Methylene-blue stained preparation 5 days after operation. 
It shows a degenerating nerve fibre lying beside a fine normal beaded nerve 
fibre in the substantia propria in the area of partial sensory loss. (x 420) 
Fic. 22.—Silver-impregnated preparation 5 days after operation. It shows 
a small bundle of degenerating nerve fibres in the substantia prepria in the 
area of complete sensory loss. (x 420) 

Fic. 23.—Silver-impregnated preparation 7 days after operation. It shows 
a small degenerating nerve bundle and a regenerating nerve fibre unrelated to 
it in the superficial layers of the substantia propria. The fibre is derived from 
a normal axon in - periphery of the affected area, in which sensibility is 
“normal”. (x 560 

Fic. A: liana ti stained preparation 14 days after operation. 
It shows a single regenerating axon surmounted by a growth cone; it lies in 
the substantia propria on the conjunctival side of the incision. (x 220) 
Fic. 25. —Methylene-blue stained preparation 28 days after operation. 
It shows regenerating axons in the substantia propria arising from a severed 
nerve ba g50) sweeping round the margin of the scar to reach the denervated 
zone. (x 

Fic. 26.—Methylene-blue stained preparation 28 days after operation. 
It shows an immature regenerating axon in the substantia propria in the 
area of complete sensory loss. (x 560) 

Fic. 27.—Methylene-blue stained preparation 40 days after operation. 
It shows a normal axon and fragments of recently degenerated axons in the 
epithelium. This region was originally insensitive. (x 465) 


changes are more advanced in axons in the epithelium than in those in the substantia 
propria (Figs 19 and 20). 

Five, Seven, and Nine days after Operation.—A few apparently normal nerve fibres 
can be seen extending as far as the centre of the area previously occupied solely by 
nerve fibres showing early signs of degeneration. They enter the otherwise denervated 
area from the normal region of the cornea opposite to the keratotomy incision, and are 
surrounded only by degenevated fibres. A few regenerating axons can be seen advancing 
from normal nerve fibres in the periphery of the affected area (Figs 21, 22, and 23). 

Fourteen days after Operation.—In cases where healing has proceeded in an 
uncomplicated way capillaries have invaded the scar and crossed it up to 1 mm. towards 
the centre of the cornea. In this position many polymorphonuclear leucocytes can be 
seen. Single regenerating nerve fibres derived from nerve bundles proximal to the 
incision have crossed the scar and are just entering the denervated area, Other 
regenerating nerve fibres from the same source, forming complicated loops and spirals, 
have not crossed the scar; the apex of some of them terminates in growth cones (Fig. 24). 

At the lateral margins of the incision many nerve fibres derived from nerve bundles 
proximal to the incision are streaming towards the denervated area. They are 
pursuing their own way, unrelated in most cases to pre-existing Schwann-cell paths. 
Some of these fibres show swellings along their course, suggestive of recent obstruction; 
some twist and turn around cells; others terminate in growth cones. Unlike nerve 
fibres in the normal cornea, these single fibres pursue a course parallel to one another. 


In the area of diminished sensibility the condition remains unchanged. 
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Fic. 30. 


Fic. 32. Fic. 33. 


Fics 28-33.—Affected zones in rabbit corneas at various intervals after 
keratotomy. 
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Fic. 28.—Silver-impregnated preparation from region of scar 50 days 
after operation. It shows single axons in the substantia propria passing 
towards the scar and then turning away again. Empty Schwann-cell pathways 
are seen close to these axons; they are on the left of the picture. (x 235) 

Fic. 29.—Methylene-blue stained preparation 50 days after operation. 

It shows immature regenerating nerve fibres in the basal layer of epithelium 
in the area of complete sensory loss. (x 425) 


Fic. 30.—Silver-impregnated preparation 110 days after operation. It 


shows mature regenerated nerve fibres in the substantia propria in a zone of 

normal sensibility. This region was previously at the centre of the zone 

of complete sensory loss. (x 164) 

Fic. 31.—Methylene-blue stained preparation 110 days after operation. 

It shows immature regenerating axons in i substantia propria sweeping 

around the lateral margin of the scar. (x 2 

Fic, 32,—Silver-impregnated preparation “700 days after operation. It 

shows bundles of mature axons in the substantia propria in a zone of 
* normal ”’ sensibility. This zone was originally completely insensitive. (x 510) 


Fic. 33.—Silver-impregnated preparation 220 days after operation. It 


shows a bundle of immature axons coursing along a Schwann-cell pathway 
in the substantia propria, lying beside a mature axon which in unrelated to 


Schwann cells. This specimen came from a zone < oF * normal ” sensibility 
which was originally completely insensitive. (x 10 


Twenty-eight days after Operation.—In the region of the incision more nerve fibres 
have penetrated the scar, and many more fibres have entered the denervated area after 
passing around its lateral margins (Fig. 25). 


In the area of diminished sensibility regenerating nerve fibres derived from normal 
and apparently pre-existing nerve bundles are advancing towards the denervated area 
from a position opposite to that of the incision (Fig. 26). About this time it is possible 
to trace almost the complete course of single nerve fibres entering the cornea lateral to 
the keratotomy and terminating in the region of apparently complete sensory loss. 
Diagrams 3(a) and 3(4) show the course of two such fibres which could be so analysed. 


a 


DtaGRAM 3(a) and (6).—Camera lucida drawings showing approximate 
distribution of, single axons ending in substantia propria of cornea, made 
28 and 100 days respectively after keratotomy. 

Position and extent of incision indicated by arc. 

Solid lines continuous axon. 

interrupted lines beaded terminals. 
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Forty days after Operation.—In fully-stained preparations at this time counts were 
made of the number of nerve fibres in larger nerve bundles passing from a position 
near the scar towards the opposite limbus through the centre of the cornea. The 
counts were made in two positions in each bundle. One position was approximately 
one-third of the way from the scar towards the centre of the cornea, and the other was 
at the centre of the cornea. Similar counts were made 80, 100, 110, and 115 days 
respectively after keratotomy. In each case the number of axons at the centre of the 
cornea is greater than that towards the scar. (See Table II). 

At this time single regenerating nerve fibres are seen in the epithelium in the region 
from which it is still impossible to arouse a blink reflex by the methods employed (Fig. 27). 
TABLE II 
NUMBER OF AXONS IN NERVE BUNDLES 
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Fifty days after Operation.—It is now apparent that the pattern assumed by the 
regenerating nerve fibres in the substantia propria of the previously insensitive area is 
superficially very similar to that seen in the normal cornea. The nerve fibres entering 
the previously insensitive area can be traced to their origin and are found to derive from: 

(i) nerve trunks severed at the time of the keratotomy, piercing the scar; 
(ii) nerve trunks severed at the time of the keratotomy, sweeping around the 
lateral margins of the scar (Fig. 28); 
(iii) normal nerve trunks opposite the incision. 

It has not proved possible to determine quantitatively the number of fibres derived 
from each source, for two reasons. Firstly, the complex pathways pursued by the 
regenerating fibres make the task a very difficult one. Secondly, from the 28th to the 
120th day, in all regions where regenerating nerve fibres are seen, a few nerve fibres 
in various stages of degeneration can also be recognized (Fig. 27). 

The pattern assumed by the nerve fibres in the epithelium is different from that which 
obtains normally. Single axons penetrate Bowman’s membrane and, instead of 
breaking up immediately into a large number of branches, at once proceed to ramify 
among the epithelial cells, giving rise at intervals to daughter axons which terminate 
among the cells (Fig. 29). 

Eighty, One hundred, One hundred and ten, and One hundred and twenty days after 
Operation.—Re-innervation gradually becomes more complete during this time. 
Under low powers of the microscope (% objective) it is difficult to differentiate the 
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affected region from the surrounding normal cornea. Under higher powers, however, 
regenerating nerve fibres can still be recognized, but they gradually become fewer in 
number. In addition, the nerve fibres in the affected regions are seen to take more 
complex pathways, and the pattern assumed by the epithelial nerve fibres is still 
abnormal although the number of fibres seen in any given area approaches normal 
(Figs 30 and 31). It is remarkable that a number of nerve fibres in all states of 
degeneration is still seen throughout the affected area. 

Two hundred and twenty days after Operation.—More nerve fibres have penetrated the 
scar, and in one specimen only ten single nerve fibres were seen sweeping round its 
lateral margin. More nerve fibres penetrating the scar are grouped into bundles. 
The appearance and number of nerve fibres reaching the cornea through the scar are, 
in fact, almost comparable with that seen in an unoperated sector of the eye (Fig. 32). 
Owing to the normal variation in numbers, however, counts of nerve fibres were not 
made, for they would have been misleading. Despite the superficial appearance of 
normality at low magnification, a number of immature nerve fibres can still be seen 
under higher magnification, although no degenerating nerve fibres are evident (Fig. 33). 


Discussion.—It is now clear that the changes following keratotomy 
are complex and cannot be clearly understood unless specimens are 
examined at successive stages following operation. 

Fourteen hours after keratotomy early signs of nerve degeneration 
are apparent among all the nerve fibres in the area from which no 
blink reflex can be aroused. This is in accordance with the 
observations made concerning nerve degeneration after autoplastic 
grafting, but the changes were seen at an earlier stage than in any 
specimen examined in that series. 

The fact that no normal nerve fibres were seen among the 
degenerating fibres was surprising, for a few degenerating nerve fibres 
were seen among normal nerve fibres at a considerable distance from 
the lesion towards the opposite limbus. The appearance of an 
occasional normal nerve fibre 5 days and subsequently after 
operation in the insensitive area was also surprising. These findings 
are most easily explained on the basis that the few normal nerve 
fibres present amongst the many degenerating fibres had undergone 
a reversible degenerative change of a non-Wallerian type (Denny- 
Brown and Brenner, 1944a and b). 

It is unfortunate that, owing to the mass of degenerating nerve 
fragments present, the few normal axons cannot be traced throughout 
their course until some 2 to 4 weeks after the lesion, for one object 
of these experiments is thereby defeated. It was hoped as the result 
of keratotomy (i.e. partial denervation) to obtain an accurate 
measure of the area over which single corneal nerve fibres are 
distributed; but, by the time their distribution can be mapped out, 
nerve fibres from surrounding normal nerves are invading the 
denervated area. The invading fibres, it is true, can be classed 
morphologically as regenerating fibres, whereas those present in the 
insensitive area appear quite normal. Thus the picture given of the 
distribution of a single corneal nerve fibre is probably very similar to 
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that which it occupies in the normal cornea, although it may be 
somewhat exaggerated by extension. 

The denervated area is re-innervated by fibres from three sources: 

(i) nerve fibres arising from severed nerve bundles proximal to the incision, which 

pierce the scar; 

(ii) nerve fibres from the same source which pass round the lateral margins of the scar; 

(iii) nerve fibres which invade the denervated area and which are derived from the 
surrounding normal nerve bundles. 

Unfortunately, the pattern formed by the nerve fibres entering the 
denervated area is so complex that it is not possible to determine the 
relative proportion of nerve fibres derived from each source at any 
particular stage after the operation. Nevertheless, it is clear from 
Table II that fewer nerve fibres enter the cornea by piercing the scar, 
until a very late stage after operation, than normally enter from the 
periphery. Such an assessment would, in any case, be of doubtful 
value, for the reparative process is a long and continuous one, lasting 
more than 120 days after the operation. Moreover, throughout this 
time nerve fibres in early stages of degeneration can be seen, a finding 
in marked contrast to that seen after autoplastic grafting. 

It is now clear why workers who examined corneas after 
keratotomy believed that nerve degeneration was such a slow process 
in this tissue. 

The abnormal sensitivity of the scar about 28 days after operation 
is explained on the basis that at this time the number of axons 
surmounted by growth cones at this site reaches a maximum 
(Weddell, Sinclair, and Feindel, 1948). 

The return of sensation as judged by the presence of a blink reflex 
shows that the last region to recover is that closest to the scar. 
These observations are in accordance with those reported by 
Schroeder (1923) in a careful clinical study after keratotomy. They 
suggest that the invading nerve fibres play a not unimportant role in 
the re-innervation process. However, in the specimens taken after 
220 days the number of nerve fibres entering the originally 
denervated area by piercing the scar appears to be approaching that 
which would have entered the cornea in such a position under 
normal conditions. The nerve fibres have re-grouped themselves 
into bundles, and in one case only ten nerve fibres were seen sweeping 
round one lateral margin of the scar to reach the originally 
denervated area. Moreover, at this stage no nerve fibres in early 
stages of degeneration could be seen. 

These observations are explained on the basis that the denervated 
area is at first re-innervated by invasion from surrounding normal 
nerves which advance to meet the nerve fibres regenerating through 
and around the scar. As those regenerating through the scar become 
more numerous, so those invading the territory from other regions 
degenerate, the process continuing until stabilization is reached. 
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The stage at which stabilization takes place clearly depends upon 
time, and presumably upon the nature of the scar. It is possible 
that in some cases the affected area may even become fully 
re-innervated by nerve fibres from severed nerve bundles piercing the 
scar. In the two cases examined this had all but occurred at the 
end of 220 days; however, despite the fact that no degenerating 
nerve fibres were seen, it may be presumed that stabilization had not 
been attained, for immature nerve fibres could still be seen. It is, 
therefore, possible that complete restitution might have occurred at 
a still later date. 

Regenerating nerve fibres apparently grow into the denervated zone 
of the cornea between the layers of the stroma as easily as they do 
along Schwann-cell pathways. This is in marked contrast to what 
takes place in the skin. However, the mere presence of the requisite 
quota of nerve fibres in the affected zone does not constitute the end 
of the process. There are apparently some factors which influence 
the process sufficiently to determine that, by degrees, the original 
pattern of innervation is restored at the expense of the fibres which 
have taken new pathways to arrive at their destination. 

The processes of nerve repair after keratotomy in mammals are 
of interest in that they are in broad agreement with the hypotheses 
concerning nerve patterns and the mechanics of nerve growth 
expressed by Weiss (1941) as the result of work on amphibians and 
the examination of the growth of neuroblasts in tissue culture. 

Finally, keratotomy demonstrates clearly how labile the peripheral 
nervous system is, and illustrates the danger of assuming that partial 
denervation experiments will necessarily provide a picture which 
represents the pattern normally assumed by the unoperated nerve 
fibres. 


(3) SECTION AND AVULSION OF THE INFRA-ORBITAL NERVE. 


As Vonderahe (1928) suggested that the infra-orbital nerve supplies 
the lower half of the cornea in man, it was thought advisable 
to determine whether this was also the case in the rabbit. Although 
examination of normal material had excluded the possibility that 
many nerve fibres reach the cornea from the infra-orbital nerve, the 
possibility that some may do so cannot be excluded by this method. 


Operation.—The infra-orbital nerve was approached by the method described by 
Krause (1884). After identification, it was divided and then avulsed from the infra- 
orbital canal on the left side in four rabbits. Periods of 7. days (two rabbits) and 
20 days (two rabbits) respectively were left for nerve degeneration to occur. The 
corneas from two of the rabbits were examined after methylene-blue staining, and 
from two after silver impregnation. 


Observations.—No differences were found in the blink reflex on 
stimulation of the cornea with a wisp of cotton-wool between the 
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normal and operated side or between the upper and lower half, 
periphery, and centre of the cornea on the operated side, although 
there was apparently complete anaesthesia of the skin supplied by 
the infra-orbital nerve. No “ trophic” changes were observed in 
the corneas on the operated side and no changes in the conjunctival 
vessels. The corneas were well stained or impregnated throughout 
their extent. Careful examination failed to show any clear-cut 
differences in the appearance of the nerve fibres between the normal 
and operated sides. 


Discussion.—Vonderahe has suggested that in man the infra- 

orbital nerve (and thus the second division of the fifth nerve) supplies 
the cornea, for he found in a case of traumatic injury involving the 
second division of the fifth nerve that sensibility in the lower half of 
the cornea of the affected side was impaired. In addition, Boucheron 
(1890, 1891) suggests that the periphery of the cornea may be supplied 
by nerve fibres which reach it from other than the ciliary nerves, 
This implies that the infra-orbital nerve may be implicated. 
- Vonderahe’s observations and Boucheron’s statements have given 
rise to the suggestion that in testing for corneal sensitivity in the 
clinic reactions from the upper and lower halves of the cornea 
respectively should be compared. 

In the rabbit it seems improbable that the cornea receives sensory 
nerves from the infra-orbital nerve. In view of the fact that 
Vonderahe’s case was not an uncomplicated section of the infra- 
orbital nerve, ft is clear that observations of this kind in man should 
be re-examined, for it is possible that fibres from the maxillary 
division of the fifth nerve may reach the cornea by routes other than 
by way of the infra-orbital nerve, as suggested by Boucheron 
(1890, 1891). 


(4) SECTION OF THE CILIARY NERVES. 

The purpose of these experiments was to see whether any nerve 
fibres reach the cornea by routes other than the ciliary nerves. As 
already noted, Boucheron (1890, 1891) believed that the periphery of 
the cornea is innervated by nerve fibres which do not travel with the 
ciliary nerves, and Vonderahe (1928) has suggested that in man the 
lower half of the cornea is innervated by the fibres travelling in the 
infra-orbital nerve. 

Operation.—The corneas from three rabbits were examined on the side on which all 
the ciliary nerves, together with the optic nerve, had been severed, close to their entry 
into the eyeball, 3 days previously. Care was taken to cause as little damage as 
possible to the ciliary vessels. 

Observations.— Unfortunately, the operated’ eye in every case 
became so rapidly and so seriously affected that it was not considered 
useful to keep any animal longer than 3 days after operation. On 
the fourth day after the section of the nerves, the cornea in almost. 
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every case becomes opaque and is grossly distorted; in addition, 
some degree of keratitis is present (a condition recalling early 
phthisisbulbi in man). In the corneas examined 3 days after 
operation only degenerating nerve fibres were seen. No normal 
nerve fibres whatever were encountered. The corneal corpuscles are 
affected in the same way as after autoplastic grafting. 

Discussion.—These experiments are inconclusive in view of the 
observations made after keratotomy, for there may have been a 
few nerve fibres in these corneas undergoing reversible degenerative 
changes. Nevertheless, the experiments do indicate that the majority 
of nerve fibres in the rabbit reach the cornea via the ciliary nerves: 
thus confirming what appears to be the case in normal material 
(Zander and Weddell, 1951). 


(5) EXCISION OF THE SUPERIOR CERVICAL SYMPATHETIC GANGLION. 


Although Boeke (1935) stated that few, if any, sympathetic nerve 
fibres supply the cornea, Rodger (1950) mentioned their presence. 
In view of this divergence of opinion, and of the fact that the method 
of direct observation in normal material cannot solve the problem, 
it was decided to determine experimentally whether post-ganglionic 
sympathetic fibres leave the superior cervical ganglion to supply the 
cornea. 

Operation.—The superior cervical sympathetic ganglion was excised on the left side 
in each of five rabbits. The operation was carried out in accordance with the 
instructions of Krause (1884) and resulted in a constriction of the pupil, dilation of the 
conjunctival blood vessels, and an increase in temperature and flushing of the ear on 
the affected side. Periods of 7, 14, 21, and 50 days were allowed for degeneration to 
occur. The corneas from three rabbits were examined after methylene-blue staining, 
and from two after silver impregnation. 

Observations.—After operation no differences in the corneal 
sensitivity of the two sides could be detected by the use of a wisp of 
cotton-wool to arouse a blink reflex. There were no obvious trophic 
changes or differences in transparency between the two sides. The 
staining and impregnation of the corneas was complete and uniform. 
No obvious differences in the nerve supply between the normal and 
operated corneas was observed. A count of the nerve fibres in the 
nerve bundles in the periphery of the corneas was carried out in the 
methylene-blue stained specimens of one of the animals, and no 
significant differences were noted between the normal and operated 
sides (see Table in Zander and Weddell, 1951, which indicates the 
normal variation in the numbers to be expected). 


Discussion.—These observations suggest that few post-ganglionic 
nerve fibres, if any, pass directly from the superior cervical ganglion 
to the cornea. It is possible that fibres reach the cornea via 
ganglion-cell relays situated between the superior cervical ganglion 
and the cornea, but it appears unlikely, from these observations, that 
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Fic. 38. Fic. 39. Fic. 40. 





Fics 34-40.—Silver-impregnated preparations from normal and affected 
corneas 5 days and 21 days after destruction of Gasserian ganglion. 
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Fic. 34.—Completely denervated Schwann-cell pathway in substantia propria 
of monkey’s cornea 5 days after operation. (x 775) 


Fic. 35.—Normal nerve bundle in substantia propria of monkey’s cornea 
on unaffected side. The specimens from which Figs 34 and 35 were taken 
were impregnated together. (x 775) : 

Fic. 36.—Empty Schwann-cell pathways in substantia propria of monkey’s 
cornea 21 days after operation. (x 690) 

Fic. 37.—Fragments of degenerating axon in substantia propria of rabbit’s 
cornea 21 days after operation, (x 775) 

Fic, 38.—Fine regenerating axon in substantia propria of monkey’s cornea 
21 days after operation. (x 605) 

Fic. 39.—Fine regenerating axon surmounted by growth cone in 
substantia propria of monkey’s cornea 21 days after operation. (x 605) 


Fic. 40.—More mature regenerating axon in substantia propria of rabbit’s 
cornea 21 days after operation. The axon apparently found the cell, 
whose nucleus is seen, obstructing its course, for it has by-passed it. 
This kind of picture is never seen in the normal cornea. (x 775) 


such fibres, should they exist in any number, convey sensory 
impulses. The experiments of Asher and Chervet (1934) suggest 


that the cornea is more vulnerable to the effects of ultra-violet light 
after the removal of the superior cervical ganglion. The explanation 


may reside in the removal of pre-ganglionic nerve fibres the post- 
ganglionic fibres of which are destined for the cornea, or in the effect 
on the blood vessels in the orbit. That the latter rather than the 
former is correct is suggested by the work of Boeke, who found few, 
if any, sympathetic nerve fibres supplying the cornea. 

In man, removal of the superior cervical ganglion causes no changes 
in corneal sensibility; this is in conformity with the observations 
in the rabbit. 


(6) DESTRUCTION OF THE GASSERIAN GANGLION. 


The purpose of these experiments was to determine whether any 
nerve fibres not derived from the fifth cranial nerve normally enter 
the cornea. They were intended to be complementary to the 
experiments which involved removal of the superior cervical ganglion 
of the sympathetic chain. 


Operation.—Seven rabbits and two macaque monkeys were used. In the case of the 
rabbits, unilateral destruction of the Gasserian ganglion proved an extremely difficult 
procedure. In three rabbits the method used followed that described by Magendie 
(1824) and Ranvier (1881), but in the only rabbit to survive the operation the three 
divisions of the fifth nerve were not completely divided and a portion of the Gasserian 
ganglion appeared to be intact. In the remaining rabbits the left Gasserian ganglion 
was destroyed under vision after removal of a portion of the temporal lobe of the brain. 
Two animals survived the operation. In the case of the monkeys the operation was 
Straightforward, following the lines adopted by neurosurgeons in the human subject. 
The left Gasserian ganglia were completely destroyed by coagulation after section of 
their central and peripheral roots. After operation, the lids of the affected eye in the 
rabbits and in the monkey which was allowed to survive for 3 weeks were sutured 
together. The other monkey was killed 5 days after operation. Both corneas in 
each animal were impregnated with silver and sections of varying thickness examined. 
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Observations.—Sensory tests and histological investigations were 
carried out with the following results. 


(a) SENSORY 


In every case the cornea was completely insensitive, no blink reflex 
being aroused by the application of cotton-wool or a No. 1 nylon 


suture. 
(6) HiIsTOLOGICAL : 


The cornea from the monkey killed 5 days after operation showed 
no macroscopical evidence of keratitis, and few polymorphonuclear 
cells were seen; in addition, the corneal corpuscles appeared to be 
very little affected. No normal nerve fibres were seen, but the 
Schwann-cell pathways were clearly outlined and seen to have 
fragments of degenerating axons lying along their surface (Fig. 34). 
In the conjunctiva of the operated eye there were blood vessels with 
nerve fibres beside them at the margin of the cornea. The unoperated 
eye, which was also prepared for histological examination, appeared 
to be normally innervated (Fig. 35). The corneas from the animals 
killed 3 weeks after operation showed some macroscopic evidence of 
keratitis and the corneas were infiltrated by a number of poly- 
morphonuclear cells. The corneal corpuscles showed a reaction 
similar to that seen 3 weeks after grafting. Numerous Schwann-cell 
pathways, having only an occasional axis-cylinder fragment lying on 
their surface, were seen (Figs 36 and 37). However, there were 
throughout the cornea a few isolated regenerating nerve fibres 
(Figs 38, 39, and 40). The ultimate source of these fibres was not 
determined, but they entered singly from the conjunctiva. The eyes 
from the unoperated side were also prepared for microscopical 
examination and appeared to be normally innervated. 


Discussion.—These experiments show clearly that normally few 
nerve fibres reach the cornea other than by way of the fifth cranial 
nerve, and thus we are able to confirm Boeke’s statement that if the 
cornea does contain any sympathetic nerve fibres at all, these must be 
very few. They also show once again how easily nerve fibres grow into 
the cornea, the source of the regenerating nerve fibres which were 
seen 3 weeks after operation almost certainly being from the vascular 
nerves in the conjunctiva by a process of extension. This observation 
suggests that great care needs to be exercised when interpreting 
results following experimental nerve section. It is clearly not safe 
to conclude that, following removal of one set of nerve fibres, the 
remaining axons will remain morphologically quiescent. Of 
particular interest in connexion with these experiments are those of 
Clark (1942, 1943) who showed that the work of Tello (1911) 
concerning the regeneration of nerve fibres in the central nervous 
system was explicable on the basis of vascular nerves invading the 
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region of the lesion, and that in fact no regeneration of central 
nervous system axons takes place after injury. 

The observation that the corneal corpuscles show so few signs 
of reaction 5 days after destruction of the Gasserian ganglion in 
the monkey is interesting. It may be due to the fact that the lids 
were not sutured in this case, thereby preventing surface abrasion of 
the cornea. 

Reiser (1936, 1937) stated that 2 days after destruction of the 
Gasserian ganglion, although degenerative changes affected all the 
nerve fibres of the main nerve bundles, the preterminal network 
showed only slight evidence of degenerative change and the terminal - 
reticulum had not changed at all. His statement can be criticized on 
two accounts. Firstly, using thin silver sections and the Bielschowsky 
method, 2 days is too short a time to be certain of seeing degenerative 
changes in every isolated axon segment; this may account for his 
statement that the pre-terminal network is only slightly affected. 


Secondly, the so-called terminal reticulum has been shown to be an 


artefact (Weddell and Zander, 1951). 


SUMMARY 


(1) The rate and character of nerve degeneration in the rabbit’s 
cornea are similar to that in the skin of the rabbit’s ear. 

(2) The rate of regeneration of nerve fibres in the cornea is 
comparable with that in the skin of the rabbit’s ear. 

(3) Regenerating nerve fibres within the cornea seldom terminate 
in growth cones; they apparently pursue their way as easily when 
unrelated to Schwann cells as when related to them. 

(4) The area over which a single corneal nerve fibre is distributed 
is at least as large as a quadrant of the cornea. 

(5) After denervation, both Schwann cells and corneal corpuscles 
undergo characteristic changes. 

(6) After keratotomy, the denervated area is re-innervated from 
three sources: 


(i) regenerating nerve fibres which penetrate the scar, 
(ii) regenerating fibres which pass around the lateral margins of 
the scar, 
(iii) invading fibres which sprout from surrounding normal nerve 
fibres and invade the denervated area. 


(7) From the 50th to the 120th day after keratotomy there are 
signs of active nerve degeneration as well as nerve regeneration. 

(8) Recovery is histologically nearly complete 220 days after 
keratotomy. It appears that the nerve fibres which originally 
invade the denervated zone from normal surrounding nerves, and by 
sweeping around the incision, have retreated in favour of regenerated 
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nerve fibres originating from those severed at the time of keratotomy 
which traverse the scar to reach their destination. 

(9) As the result of section or destruction of the following structures: 
the infra-orbital nerve, the superior cervical sympathetic ganglion, 
the ciliary nerves and the Gasserian ganglion, it is clear that the 
rabbit’s cornea is probably supplied solely by axons from the fifth 
cranial nerve reaching the cornea by way of the ciliary nerves. 

(10) Five days after extirpation of the Gasserian ganglion only 
degenerating nerve fibres can be seen throughout the cornea. 

(11) Three weeks after extirpation of the Gasserian ganglion 
regenerating nerve fibres can be seen in the cornea, which is 
completely insensitive. The source of these fibres is unknown, but 
it is likely that they arise from vascular nerves in the conjunctiva 
by a process of extension. 


This investigation was made possible by a grant from the Rockefeller Foundation 
for which we wish to express our gratitude. We should also like to thank Mr. Arthur 
Dent, Miss Jean Gurden, and Mr. Patrick Selwood for their skilful technical assistance. 
At the outset of these investigations we had the invaluable surgical assistance of 
_ Mr. J. P. F. Lloyd, F.R.C.S., to whom we offer our sincere thanks. 
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NERVE REGENERATION IN CORNEAL GRAFTS 
IN THE RABBIT* 


BY 


URSULA REXED 


From the Nobel Institute for Neurophysiology and the Ophthalmology Clinic, 
Karolinska Institutet, Stockholm, Sweden 


A GREAT number of histological studies on corneal grafts are to be 
found in the current literature. In very few of these, however, has 
any attention been paid to the nerves. Only a few authors have used 
nerve stainings. The present investigation has been made with the 
object of seeing whether any defects in the regeneration of the corneal 
nerves could have to do with the clouding of the grafts. The 
processes in regeneration of severed corneal nerves have been studied 
by Rexed and Rexed (1951). 

Leoz Ortin (1931) found complete return of sensitivity in his grafts 
some weeks after operation and he also verified re-innervation at 
this time histologically. 

Babel and Campos (1946) described the re-innervation of four 
cloudy grafts in homine at ages varying from 36 days to 5 years. They 
found a few disordered nerves in the grafts but were not able to stain 
any subepithelial nerve network although this was well developed in 
the host cornea. Franceschetti and Babel. (1947) examined a graft 
from homo which had been clear for 6 years. They found a well- 
developed subepithelial nerve network which connected with the 
network in the host cornea. They suggested that there might be 
some connection between the development of the subepithelial nerves 
and the transparence of the graft. Babel (1950) has collected his 
experiences in a monograph on anatomical processes in the healing 
of corneal grafts. He found that it was at least a month before the 
graft began to be re-innervated. The regenerated nerve fibres were 
irregularly spread and accompanied by numerous Schwann cells. 
This he considered to demonstrate a very lively regeneration. He 
found a similar distribution of the nerves in clear and in cloudy 
grafts and only seldom saw the nerves accompanying blood vessels. 

Escapini (1948) studied the degeneration and regeneration of the 
nerves in corneal grafts in rabbits. He also studied degeneration 
in vitro. He did not manage to elicit a corneal reflex from any of his 


* Received for publication September 2, 1950. 
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cases till after 45 days nor could he find any nerves in preparations 
less than 45 days old. 

Kornblueth and others (1949) studied the regeneration of nerves 
in partially penetrating corneal grafts examined after periods of 
from 2 days to one year. They tested the sensitivity of their grafts 
with von Frey hairs and examined them histologically after silver 
impregnation. They had seventeen clear and thirteen cloudy grafts. 
The return of deep sensitivity in the grafts after 4 to 6 weeks 
corresponded to the ingrowth of nerves into the midstroma. The 
acquisition of light sensitivity in 3 to 4 months corresponded to the 
penetration of nerves into the subepithelial and epithelial regions of 
the grafts. No appreciable difference was found in the regeneration 
of nerves into clear and cloudy grafts. The ingrowth of nerve fibres 
into the grafts was not found to depend upon the invasion of the 
grafts by blood vessels. A disappearance of the nuclei of the 
Schwann cells on degeneration of the nerves in the graft is described. 


MATERIAL AND METHODS 

This investigation has been made on corneal grafts in the rabbit. Twenty-three 
grafts were examined at intervals of from one day to 74 months after operation. 
Eight grafts were completely clear, one was clear over half its extent, four were slightly, 
and eight completely cloudy. Seven of the rabbits were fully grown adults, the other 
sixteen were young rabbits about 6 months old (see Table opposite). 

The operation was performed in Dial narcosis with the greatest possible degree of 
sterility. A 4-mm. circular trephine was used. The grafts were anchored with crossed 
corneal sutures which were cut after 3 to 5 days. The rabbits were given atropine and 
penicillin locally 3 times daily for the first 14 days and then atropine once daily for 
14 days. Cloudy grafts were treated with an ointment of mercuric oxide once daily. 
The sensitivity of the grafts was tested at short intervals from 14 days after operation. 

Sensitivity was tested with von Frey hairs held at right angles to the corneal surface. 
It was only possible to attain a moderate degree of accuracy in grading the sensitivity 
of the grafts. The animals are very difficult to test and the corneal reflex is often 
inhibited through fright. I have therefore merely attempted to register when the graft 
seemed completely insensitive and when certain areas responded by a reflex to contact 
with the hair. The eyelashes and whiskers were cut before examination so as to avoid 
false reflexes. 

When the eyes had been enucleated the cornea was cut out. Three radial cuts were 
made in order to flatten out the preparation. This was fixed in a 10 per cent. solution 
of neutral formaldehyde to which 1.1 per cent. NaCl had been added. The cornea was 
then sectioned in sections 100 micrones thick parallel to the spread-out corneal surface. 
In this way one obtains circular sections in which individual nerve fibres can be 
followed over large parts of the cornea. The sections were silver-impregnated 
according to Gros-Schultzes method, as described in Rexed and Rexed (1951). 


RESULTS 


In spite of all possible precautions and careful asepsis it was very 
difficult to prevent infection in the operated eyes. One could not 
keep any dressing on the animal and suturing of the eyelids led to 





NERVE REGENERATION IN CORNEAL GRAFTS 91 


severe conjunctivitis. However, most of the animals had their 
eyelids sutured for the first 2 to 3 days, the conjunctival sac being 
washed out with sterile saline three times daily. The graft fell out 
in five of the thirty animals operated on. In two cases a severe deep 
keratitis developed which made further histological examination 
meaningless. 
TABLE 
AGE OF GRAFTS ON REGAINING SENSITIVITY 





Sensitivity Attained (weeks) 


Degree of 
Clearness 
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The remaining twenty-three cases are those examined here. In 
thirteen there was a slight intra-ocular infection, and only one of 
these grafts became clear. Blood vessels could be seen growing into 
the cornea in all of them. The remaining eight grafts were clear; 
these had shown no signs of intra-ocular infection after operation 
and no blood vessels could be seen in them. These clear grafts did 
not become clouded during the follow-up period (i.e., up to 
74 months, see Table). The cloudy grafts became clearer on 
treatment with mercuric oxide ointment and two of them cleared 
under this treatment. 

The grafts of adult animals were slightly sensitive after 5 to 7 weeks 
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and those of younger ones after 4 weeks. In grafts with ingrowth 
of blood vessels these parts of the grafts were the first to regain 
sensitivity. The sensitivity of the graft was first comparable to 
that of the host cornea after 10 to 13 weeks in older animals and 
4 to 7 weeks in younger animals. 


HISTOLOGICAL OBSERVATIONS 

The scar between the graft and the host cornea was denser than the surrounding 
tissue. The cells here were tightly packed, often enlongated, and arranged lengthwise. In 
this way the structure of the scar became circular. Its breadth differed in different 
cases depending on how exactly the graft had healed in. The stroma cells of the graft 
were usually more irregularly arranged than those of the host. However, with time 
this difference became less marked. ; 

The severed nerve fibres of the host cornea could often be seen very clearly outside 
the scar. In no preparation could any reaction from the Schwann cells be seen, and 
a growing out of these towards the scar was never observed. Nor was there any 
reaction from the Schwann cells in the graft. This absence of reaction on the part of 
the Schwann cells is in accordance with what has been seen in simple severance of 
the corneal nerves (Rexed and Rexed, 1951). 


f 


Tor 


Fic. 1.—Numerous new neurites outside and inside the scar. Most of the 
neurites are naked while a few are sheathed. Six and a half months after 
operation. Low magnification. 

The severed nerve fibres in the host cornea do not degenerate for more than 1-2 mm. 
in the retrograde direction. The new neurites grow out from them, partly from their 
end, and partly from as far as 2 mm. further back in the form of side branches. 
Already after 3 to 4 weeks one can see a great number of proliferating new neurites 
growing in the direction of the graft. Just outside and in the scar these neurites 
often grow in a circular direction for a certain distance (Fig. 1) before turning inwards 
towards the graft. Apparently the neurites follow supporting structures, in this case 
the circularly arranged corneal cells in the scar tissue. 
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The new neurites growing towards the scar are always naked and grow without the 
support of Schwann cells. This is the case even in the scar, where they often 
follow a very irregular and sinuous course. Once they have managed to penetrate the 
scar and to enter the graft their course is straighter and more regular. The neurites 
branch to a certain degree just inside as well as outside the scar so that a network of 
fibres is formed in the outer parts of the graft. 


The nerve fibres in the graft degenerate completely and no remnants of them were 
found later than seven days after the operation. The Schwann sheaths are left, 
however, and can be seen in all preparations (Figs 2-4). There is no reaction on the 


Fic. 2.—Partly re-innervated Schwann Fic. 3.—Empty and partly re-innervated 


sheath surrounded by naked neurites. Schwann sheaths side by side with naked 
Six and a half months after operation. neurites. Six and a half months after 
High magnification. operation. High magnification. 


Fic. 4.—Re-innervated and empty Fic. 5.—Unsheathed neurites in the centre 
Schwann sheaths side by side. of a graft. Six and a half months after 
Six and a half months after operation. High magnification. 
operation. High magnification. 
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part of the Schwann cells or sheaths in the host cornea or in the graft and no mitoses 
have been seen in them. Since no Schwann cells have grown into the graft from the 
host cornea, the empty sheaths cannot be newly formed and so at least some parts of 
the original graft must still remain 74 months after operation. 

The new neurites either grow directly towards the centre of the graft or first circle 
in the scar for a short distance and then bend inwards to the centre. Many enter 
empty Schwann sheaths and re-innervate them. Others do not find any sheaths and 
continue their course naked towards the centre of the graft. It is common in 
preparations to find naked neurites and re-innervated Schwann sheaths side by side 
(Figs 3 and 4). All Schwann sheaths do not become re-innervated and empty sheaths 
can be seen even in the oldest preparations (Fig. 2). 

The re-innervation of the graft results in an excess of nerve fibres. In comparison 
with a piece of normal central cornea of the same area as the graft, the latter has many 
more nerve fibres. Many of these are without sheaths. Of theoretical interest are 
the facts that most of the unsheathed fibres that have arrived at the centre of the graft 
remain naked (see Fig. 5) and that they even mature, increase their calibre, and must 
be considered to take up function. This shows that even neurites in the peripheral 
nervous system can grow and function without the presence of Schwann sheaths. 

In grafts of 3 to 5 weeks of age there are many new neurites just outside the scar but 
only a few have started to penetrate it and grow into thé graft. After 6 to 8 weeks 
one finds a great number of new neurites already inside the scar, but the inner parts of 
the graft have not yet as many fibres as the outer. After 3 to 74 months one finds a 
great number of fibres in the whole graft and these are so mature that both fine and 
coarse fibres are seen in the re-innervated nerve truncs. 

Subepithelial nerve fibres are seen at the earliest in preparations five weeks after 
transplantation. In older cases they become more and more numerous and in cases 
from 5 to 7 months after operation the whole subepithelial network is well developed. 
The deepest parts of the cornea show no ingrowth of nerve fibres and become, as in 
normal cornea, void of nerves. 

Only in a few preparations where there is abundant ingrowth of blood vessels can 
the ingrowing nerves be seen to follow them. 

The degeneration and regeneration of the nerves follow the same pattern in clear and 


in cloudy grafts. 


DISCUSSION 


The course and pattern of nerve regeneration in corneal grafts is 
similar in principle to that which occurs after simple severance of 
the corneal nerves by means of incisions of the cornea down to 
Descemet’s membrane (Rexed and Rexed, 1951). There are, however, 
certain differences. In both cases one finds a profuse proliferation 
of naked neurites outside and even inside the scar. After severance 
of the nerves in the periphery of the cornea one finds these neurites 
outside and inside the scar, but in the central parts of the cornea only 
sheathed fibres are seen, In the grafts, there is a mass of naked 
neurites in the centre, the nerves being much more abundant here 
than in normal corneal tissue. These naked neurites mature and 
grow even outside the Schwann sheaths, the presence of which has 
previously been considered necessary for these processes. Judging 
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from the well developed sensitivity of the grafts these naked neurites 
probably also function. Possibly it is the shorter distance which 
makes it possible for unsheathed neurites to reach the centre of the 
graft while neurites cut peripherally in the cornea only reach the 
centre when sheathed. 

One can see many Schwann sheaths even in grafts of 5 to 74 months 

of age. Since there has been no proliferation and no ingrowth of 
Schwann cells, no new sheaths can have been formed. Therefore, 
those seen in the graft must be the original ones. This shows that 
~ 74 months there must still remain at least parts of the original 
graft. 
Escapini (1948) found remnants of degenerated nerves in 30-day-old 
grafts. In the present investigation no such remnants were seen in 
preparations more than a week old. This is in accord with the 
results found on simple severance of corneal nerves (Rexed and 
Rexed, 1951), when no degeneration products were found later than 
5 to 7 days after operation. He did not find any new nerve fibres 
in the grafts until after 45 days. This is in accord with my results 
for adult animals. In young animals I could elicit a corneal reflex 
after 4 weeks and found nerve fibres in some preparations of the 
same age. It is well known that nerve regeneration takes place at . 
a more rapid rate in young than in adult animals. 

Franceschetti and Babel (1947) have suggested that the clouding 
of corneal grafts might depend in some way on defective regeneration 
of the subepithelial branches of the corneal nerves. They had 
found subepithelial fibres in a clear graft, whereas Babel and Campos 
(1946) had not been able to demonstrate them in four cloudy grafts. 
It is hard, however, to draw any conclusions from the absence of 
nerves after silver impregnation, as it is often very difficult to stain 
finer nerve fibres such as the subepithelial fibres. In my preparations 
the subepithelial nerve-network has been equally well developed in 
clear and in cloudy grafts. 

The results of Kornblueth and others (1949) as to the time it takes 
for the graft to be re-innervated are mainly in accordance with the 
results found in the present investigation. I have, however, not 
considered it possible to differentiate between superficial and deep 
sensitivity and so to correlate the former with the development of 
the subepithelial nerves. The authors mentioned above did not find 
any difference in the innervation of cloudy and clear grafts, nor did 
they find the ingrowth of nerve fibres to be dependent on the 


ingrowth of blood vessels. These results are all the same as found 
in this investigation. Their description of the process of degenera- 


tion and regeneration is not however identical with the course seen 


in my preparations. They state that the nuclei of the Schwann- 


sheath cells disappeared during degeneration of the nerve fibres. 


In an earlier investigation (Rexed and Rexed, 1951) where the 
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degeneration and regeneration of corneal nerves after severance at 
the periphery of the cornea has been studied, the whole process in 


the cornea could be followed with the utmost clarity and was found 
to differ from that in other peripheral nerves. Here is was possible 


to demonstrate that, in the case of the corneal nerves there was no 
reaction whatsoever on the part of the Schwann cells. There was 


neither proliferation nor degeneration, and empty denervated 


Schwann sheaths could easily be seen in even the oldest cases, up 
to 74 months after operation. Most of them however became 
re-innervated by ingrowing neurites. In the corneal grafts studied 
in the present investigation the Schwann cells behaved in an identical 
manner. There was neither degeneration nor proliferation of 
Schwann cells, and Schwann sheaths of perfectly normal structure 
could be seen in the grafts. 

Babel (1950) also observed the presence of Schwann cells in the 
graft, but considered them to be under proliferation. 

The degeneration of Schwann-cell nuclei as described by 
Kornblueth and others (1949) could take place if the entire graft 
disintegrated, and all its cells degenerated. However, Maumenee 
and Kornblueth (1948) have stated that this is not the case. 

The clouding of the grafts in my material has always developed 
after an intra-ocular infection. Several of the grafts have become 
less cloudy after treatment with mercuric oxide ointment. Secondary 
clouding of the grafts has not occurred during the time the animals 
were observed (up to 74 months). 


SUMMARY 


(1) Nerve degeneration and regeneration has been studied in 
23 corneal grafts in rabbit. The return of sensitivity has been 
followed and silver-impregnated sections have been made after 
periods of from one day to 74 months from operation. 

(2) The peripheral parts of the graft became sensitive after 3 to 4 
weeks in young animals and after 5 to 7 weeks in adults. Full 
sensitivity could be demonstrated after 4 to 7 weeks in young and 
after 10 to 13 weeks in adult animals. 

(3) The processes of degeneration were completed and the neurites 
completely resorbed after 7 days. 

(4) After 3 to 5 weeks regenerated nerve fibres had started to cross 
the scar and grow into the graft. After 6 to 8 weeks numerous nerve 
fibres were seen in the periphery of the graft and a few even in the 
centre. After 3 to 74 months mature fibres were found throughout 
the whole of the graft. 

(5) No proliferation of the Schwann cells could be demonstrated 
either in the host cornea or in the graft. The growing neurites were 
not supported by Schwann cells as they grew through the scar. In 
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ali preparations empty and partly re-innervated Schwann sheaths 
could be observed. These must therefore be the original Schwann 
sheaths that remained after the degeneration of the neurites. This 
shows that at least after 6 to 7 months parts of the original graft 
must still remain. 

(6) The new neurites grow out in great numbers from the cut end 
of the. nerve in the host cornea and grow naked through the scar. 
When they have penetrated the graft they either grow into and 
re-innervate an empty Schwann sheath or grow on naked towards 
the centre of the graft. The neurites continue to divide and to grow 
in towards the centre so that here there are more nerve fibres than in 
a corresponding area of normal cornea. Both naked and sheathed 
nerve fibres increase in calibre. 

(7) Subepithelial nerve fibres could be demonstrated at the earliest 
after 5 weeks and could be seen both in clear and in cloudy grafts. 
In grafts with ingrowth of blood vessels the corneal reflex could, in 
many cases, be elicited earlier from this area than from the rest of 
the graft. On the other hand histological examination showed that 
the ingrowth of nerves did not depend upon the ingrowth of blood 


vessels. 
(8) The process of degeneration and regeneration of the corneal 


nerves was identical in clear and in cloudy grafts. 
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UNILATERAL RETINITIS PIGMENTOSA* 


BY 


RUBY JOSEPH 
Ophthalmological Research Unit, Royal College of Surgeons and Royal Eye Hospital 


THE rare cases of unilateral retinitis pigmentosa raise the question 
whether they represent a distinct clinical entity unrelated to the 
classical type of retinitis pigmentosa or are abortive forms of this 
affection. 

CASE REPORT 


Miss D. L. (Royal Eye Hospital, patient No. 49/5135), aged 52 years 
(II, 3), first seen on May 14, 1949. 

Personal History.—The patient complains of a defective left eye of which 
she has been conscious all her life. She has been wearing glasses since the 
age of 11 years. Her general condition is good. She is a well nourished 
woman with no history of any serious illnesses. She is not conscious of 
night blindness. Wassermann reaction negative. 


Fic. 1.—Left fundus, showing retinitis pigmentosa with characteristic 
type and distribution of pigment, discoloured disk and narrow arteries. 





* Received for publication September 25, 1950. 
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Examination 


Right 


Left 





Vision... 


Refraction 


Vision with Correction 


Ophthalmoscopic_ - 
Examination 


Fields ... 


Tests for Dark 
Adaptation 





6/24 
+ 1.50 D sph. ¢ + 0.5 cyl. 
axis 90 


6/9 
Media and fundus normal, 


except for a simple melanoma 
below and nasal to the disk 


Normal 





6/60 
—0.25 D sph. 


Not improved 


Slight posterior lenticonus with 
typical picture of retinitis pig- 
mentosa. The disk is waxy, and 
the vessels narrow. Typical 
bone corpuscle pigment is 
present towards the periphery 
(Fig. 1) 


Irregular contraction (Fig. 2) 


On testing with the Crookes adaptometer, almost identical 
curves were obtained for the two eyes (Fig. 3, overleaf). 
There is some slight lag in dark adaptation, but nothing 


suggestive of night blindness. 





Fic, 2.—Left field of vision, showing marked constriction—object 3/330 white. 





RUBY JOSEPH 


Right eye (unaffected) ae 


Left eye (affected) : ha 








L20 





2 4 6 8 0 12 14 i6 18 20 22 24 26 28 30 32 
Fic. 3.—Graph of dark-adaptation curves as determined by the Crookes 


adaptometer. The affected eye shows substantially the same curve as 
the normal eye. 


Family History.—The family history revealed that one maternal aunt 
was registered as a blind person and that another aunt was blind in one 
eye. The patient’s parents 
w were not consanguineous. 





> @ 1 Fig. 4 shows a_ pedigree 
2 rm x chart of the family. 


I, 5. Mr. L., father, died 
I ’ o a p 4 aged 69. Reputed to have had 
xi “3 3 4 x Xe =OX7)— Xe normal sight. 

I, 4. Mrs. L., mother, died 
aged 70 of heart disease. Re- 
puted to have had normal 

2 4 x2 x3 





z sight. 

I, 3. Miss H., maternal aunt, 
¢ ) Left-sided retinitis pigmentosa. aged about 65. Blind in left 
eye. Normal media and fundus 
x right eye. Seclusio pupillae, 
O O Examined and found normal.! secondary cataract of left eye ; 
v4 D & ss " case of old iritis, ? secondary. 

ecease: 

I, 2. Miss H., maternal aunt, 


Fic. 4.—Patient’s pedigree chart. aged about 70 years. Has had 


@ Eye trouble unrelated to retinitis pigmentosa. 





UNILATERAL RETINITIS PIGMENTOSA 101 


bad sight since she was a girl. Found to have diffuse corneal opacities. Anterior 
segment of sclera thinned in both eyes. Ciliary staphyloma of the left eye. 
Probably a case of old interstitial keratitis. No retinitis pigmentosa. 'Wassermann 
reaction negative. 

II, 1. Mrs. B., sister, 53 years old. Found to have normal fundi and vision. 
Has one son (III, 1), aged 24 years, who is reputed normal. 

II, 3. Miss D. L., subject of this report. 

II, 5. Mrs. A., sister, aged 43. Found to have normal sight and fundi. Has one 
son (III, 3) and one daughter (III, 2). ‘ g 

II, 6, 7, and 8. Two brothers and a sister. Examined and found normal. 

Ill, 2. Niece. Found normal. 

Hil, 3. Nephew. Found normal except for a small patch of congenital pigment 
in upper part of left fundus. 
Comment.—This would appear to be a case of unilateral retinitis 

pigmentosa. It is noteworthy that : 

(1) A suggestive family history of blindness proved to have no bearing 


on the patient’s affection. 

(2) There were no other affected members nor was there any history of 
consanguinity in the parents. 

(3) The fundus appearances in the left eye were typical of retinitis 
pigmentosa, a finding supported by the field but not by dark-adaptation 
tests. 

(4) There was nothing in the personal history to account for the lesion. 


REVIEW OF LITERATURE 


(1) Cases RECORDED.—Those reported as unilateral retinitis 
pigmentosa are summarized in the Table (pp. 102 to 109). Of these 


a number are clearly inadmissible or of doubtful validity for the 
following reasons : 

(a) Since injury may produce a picture very similar to retinitis pigmentosa, the cases 
recorded by Hine (1924) and Schupfer (1937), with a clear history of injury, are . 
questionable. It should, however, be stressed that in none of these three cases was the 
injury direct to the eye. 

(b) Night blindness was recorded in a number of cases (Wilbrand and Saenger, 1909 ; 
Bakker, 1925) ; it was probably also present in several more (Giinther, 1913; Fricke, 
1917 ; Mohr, 1921 ; St&épka, 1933). It is improbable that a patient with only one eye 
affected would complain of night blindness. . The presence of night blindness therefore 
raises the possibility of unequally developed retinitis pigmentosa in the two eyes. 

(c) A history of preceding inflammation of the eyes was present in some cases 
(Steffan, 1874 ; Neuffer, 1893 ; Moon, 1904 ; Reuter, 1908 ; Leber, 1916). There is 
therefore the possibility of an inflammatory reaction producing a picture simulating 
retinitis pigmentosa. 

(d) Diagnosis in some cases is questionable because of poor vision in the apparently 
unaffected eye, as in the cases of Dumont (1886), Schmidt (1890), Reinecke (1894), 
and Barrett (1898). 

(e) In the case recorded by Mooren (1867) the retina and optic disk of the apparently 
normal eye were poorly developed, so that the possibility of a congenital anomaly 
should here be considered. 

(f) The cases of Guibor (1933) and Yasutake (1933) are clearly instances of retinitis 
pigmentosa in unequal degrees in the two eyes. 
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TABLE 


REPORTED CASES OF UNILATERAL RETINITIS 





Author 
and Year 


Vision and 
Refraction 


State of Other Eye 


Features other than 
Retinitis Pigmentosa 
in Affected Eye 


Field of Vision 
of Affected Eye 








Pedraglia 
1865 


6/18 


Normal 


Divergent from 
childhood 


Contracted 





Mooren 
1867 


Scantily devel- 
oO retina 
and optic disk 


Contracted 





de Wecker 
and de 
Jaeger 1870 


Perception 
of light 
—9.0 D sph. 


Vision = 2/3 
—9.0 D sph. 
with correction 


Divergent 


Constricted 





Baumeister 
1873 


Emmetropic 
Blind since 
age 12 


Normal 





Steffan 
1874 


Choroiditis 
Vitreous opacities 


Concentric 
contraction 





Derigs 
1882 


Posterior polar 
cataract 


Contracted 
but not con- 
centrically 








Ancke 
| 1885 


Typical retinitis pig- 
mentosa at peri- 
phery of fundus, 
but equator thickly 
sown with bright 
confluent dots 


Contracted 





Vision = 1/3 





Concentric 
contraction 





Guensburg 
1890 








Posterior polar 


cataract 


Contracted 
to 15° 





Schmidt 
1890 


20/70 


20/70 


Incipient cataract 
Unilateral retinitis 
pigmentosa 








Neuffer 
1893 











Amblyopic 
since child- 





Normal 





Vitreous opacities 
Detached retina 
Chorio-retinitis 
Atrophic disk 
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SHOWING 


PIGMENTOSA (CHRONOLOGICAL ORDER) 





Family History 





Affected 
Members 


Consan- 
guinity 


General 
Defects 





None 


No 


Deaf in both 
ears 


Deutchmann performed patho- 
logical examination of affected eye 
and confirmed findings 26 years later 





Field of vision constricted in both 
eyes. Poorly developed retina and 
optic disk in apparently normal eye 











Had been treated by Steffan for 
syphilitic irido-choroiditis and 
vitreous opacities for several years 





Brother with bi- 
lateral retinitis 
pigmentosa 


No history of syphilis 





Defective sight for 8 years 
No history of syphilis 





Vision becoming progressively 
worse. No cause mentioned for 
poor vision in right eye. Was 
treated with quinine for malaria 





Sudden hemiplegia at age 40. 
Acute inflammation of right 
eye recently—kerato-iritis. No ~ 
evidence of syphilis 





Brother with bi- 
lateral retinitis 
pigmentosa 





Two sisters with 
bilateral _ retinitis 
pigmentosa, and 
irregular pigment- 
ation in choroid 








Yes— 
parents 











(Table continued overleaf ) 
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Features other than 
Author Vision and State of Other Eye; Retinitis Pigmentosa | Field of Vision 
and Year Refraction in Affected Eye of Affected Eye 


= 3 iz 





Reinecke Left | Counting 20/100 
1894 fingers 


Barrett Right | 6/12 partly | Blind—fundus | Contracted 
1898 appears normal 


Rosenbaum Right Normal 
1900 | 


15 | Schmidt- | 
| 1/20 Normal Convergent squint | Incomplete 






































Contracted 








annular 
scotoma 





M/ 11 | Left | 5/4 with 5/4 | Contracted 
| below 


correction 


Not : 
examined 





18 | Nettleship | F | 30 ae KE . a Normal Divergent 
1908 





1908 


| 


Concentric 
contraction 


19 | Reuter IM | 65 | Left | Blind | Normal Posterior synechiae ~ 
| © 
| 


< 
20 | Wilbrand Right Counting Normal Posterior polar 


eee fingers Vision = 6/9 | cataract 
Reduced light sense 


| | 


| 
SE oT i Right | 5/15 with 5/5 — normal Contracted 


911 —0.75 = 5/9 











22 | Hayden ae avs is 
1912 


23 | Giinther 
3 





: Completely Divergent Contracted 
Refraction | normal Posterior polar | to 10° 
+2.0D Vision ~= 5/7.5 | cataract 

Refraction Light sense 1/40 of 
| +2.0D good eye 


( 
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continued 





Family History 


Affected Consan- 
Members guinity 




















ai | Night blindness 





sta 
as 








This author mentions seeing a case 
of unilateral retinitis pigmentosa 





Hemiatrophy 
right side of 
face after ab- 
scess of jaw 


Four siblings died 
young 


| 
| 
ae 
| 
| 
| 
| 
| 
| 


Father died suddenly at 34. 
Patient died of tuberculosis and 
the eye was examined patho- 
logically. No evidence of syphilis 





Pigment resembled bone cor- 
puscles. \ Optic disk pale, not 
atrophied, vessels normal 








Not investigated | 


At age 30 had iritis with normal 
fundus—left eye (old records). 
Seen again at age 47 for reduced 
vision, left eye had typical retinitis 
pigmentosa 





One sister aged 51 
almost a and 
rather deaf 


Noticed poor vision in right eye 
at age 14 

Light sense of good eye also 
affected 

Night blindness 








Case not described 





a ee i 
ene etait 


(Table continued overleaf ) 
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Case 


No. and Year 


17 | Right yoni 


| 
Author ae Age |Affected 


Vision and 


Eye Refraction 


State of Other Eye 


Features other than 


Retinitis Pigmentosa 
in Affected Eye 


Field of Vision 
of Affected Eye 





Normal 


Discrete irregular 
spots with  pig- 
mented edges and 
white centres, and 
marked black area 
at macula 

Vessels normal 





| 
| 


Vision full 
Fundus normal 


Pupil does not re- 


act to light 
Fundus shows 
typical picture of 
retinitis pigmentosa 
except in periphery 
which is irregularly 


mottled 








Bentzen 
1917 





Less than 


6/36 


Right 


Anterior 
cataract 


polar 


Contracted 
|to 15° 





27 | Mohr 








Left | 6/18 


Norma 
oe gill 6/18 


Cortical cataract 


Night blindness 


| Constricted 





|M ie 34 | de 6/9 


Normal 


Posterior polar 
cataract 


Contracted 
to 5° 





Left | 


Normal 


Light sense 
reduced 








5/5 


Normal 


Posterior polar 
cataract 


Reduced 





0.9 
Refraction 
0D 


Left 





Normal 


Reduced light sense 


Reduced to 
5 ° 





Beigelman |F 
1931 


Guibor 
1933 


Left | 


20/25—20/40 


Normal 


Posterior polar 
cataract 


Reduced to 
10° 





Right | 20/70 
(more) 


| 


Vision = 20/40 
Bone-corpuscle 
-like pigment 
over veins 


Posterior synechiae 




















Normal 


Bone-corpuscle- 
like pigment and 
white spots typical 





of retinitis albicans 
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continued 














Mother had bi- 
lateral “chorio 
retinitis pig- 
mentosa ” 








Night blindness. Husband con- 
tracted syphilis (Wassermann 
reaction positive). Thirteen child- 
ren : 2, 3, 4, and 6 alive ; 1, 5, and 
7 died before 1 year. Six other 
pregnancies : 3 abortions, 3 still- 
births. Three children examined 
showed various physical defects 
(Wassermann reaction negative) 





Quoted by Dreisler 





Bilateral middle- 


ear deafness 


History of illness for 5 years 





Wound over right frontal sinus— 
kick from mule 





Wassermann reaction negative. 
Light sense abnormal both eyes : 
right eye 1/6, left eye 1/10 of 


normal 











Yes— 


grand- 
parents 


Steady increase of symptoms. 
Wassermann reaction negative 





No history of syphilis 





A bilateral case, unequally marked 
in the two eyes 

















One kidney removed for calculus. 
Later operation for papillary 
carcinoma of ureter 


(Table continued overleaf ) 
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TABLE— 
Features other than 
Case Author Sex| Age |Affected| Vision and State of Other Eye| Retinitis Pigmentosa | Field of Vision 
No. and Year Eye Refraction in Affected Eye of Affected Eye 
35 | Yasutake |M/ 48 | Left —_ Normal Anomalies of light | Concentric 
1933 sense contraction 
36 | Yasutake |M/| 54 | Right aa Nephritic and | Anomalies of light — 
1933 diabetic retino-} sense 
pathy 
37 | Yasutake |M| 49 | Right | 0.4 both eyes| Retinitis pig- oon Annular 
1933 mentosa_ sine scotoma 
| pigmento 
38 | Stépka 713° — Normal Reduced dark Contracted 
1933 adaptation to 15° 
sae Sot | 
39 | Schupfer F | 55 | Right | 5/7.5 Keratitis when | Lens slightly opaque _ 
1937 young 
Corneal 
| nebulae 
40 | Schupfer M! 24 | Left 5/7.5 Normal Poor vision in Peripheral 
1937 Vision = 5/5 | twilight vision poor 
Light sense reduced} in twilight 
41 | Agatston | M_| 53 | Right | Hand move- | Normal Posterior polar Only temp- 
1939 ments cataract oral field left 
42 | Agatston | F | 45 | Left | Perception | Normal | Posterior polar Only temp- 
1939 of light | cataract oral field left 
43 | Lowegren | F | 63 | Left | 0.2 Normal Posterior polar Contracted 
1940 cataract to 10° 
44 | Dreisler F | 53 |, Left | No percep- | Normal Posterior polar — 
1948 tion of light cataract 
Convergent squint 
45 | Gordon M | 26 | Right | 20/70 Normal Posterior polar Constricted 
1949 Vision = 20/15) cataract 





























The remaining cases, 25 out of .a total of 45 recorded in the 
literature, are not all equally convincing. Some of them have been 


observed only once or over short periods so that there is no 
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continued 
; Family Hi Period of 
mar” se nw General rn Remarks 
Trauma Affected Consan- Defects tion 
Members guinity : (years) 

— — Yes — — History of syphilis (Wassermann 
reaction positive). Good response 
to treatment 

a _— No Nephritis and — Wassermann reaction positive 

diabetes 

—_ -- No a — Annular scotoma also in left eye 

— — No — _— Physical condition good. History 

dates back to age 15. Burn of face 
and right hand in aeroplane 
accident, not involving eyes 

Yes a — | — — History of head injury. Light 
sense reduced both eyes, more in 
right 

Yes | None No — —_ Noticed one week after injury to 
left temple that he saw little in 
twilight with left eye. Vision later 
improved from 5/7.5 to 5/5. No 
change in fundus 

_— — _ Pulmonary — — 

tuberculosis 

_ —_ —_ Deaf in right — —_ 

ear 

— | vie a pl — | Quoted by Dreisler 

— | None No — 2 — 

— | None No —_ sand = 























record of any possible subsequent changes in the other eye. Others 
have been recorded with little or no information on the apparently 


healthy eye. 


However, in the fifteen cases (Pedraglia, 1865 ; 
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de Wecker.and de Jaeger, 1870; Baumeister, 1873; Guensburg, 1890; 
Gonin, 1902; Nettleship, 1908 ; Jennings, 1911 ; Giinther, 1913; 
Bentzen, 1917 ; Beigelman, 1931 ; McLean, 1933 ; Agatston, 1937 ; 
Dreisler, 1948 ; Gordon, 1949), the fellow eye is clearly normal, 
ophthalmoscopically and functionally. It may therefore be taken 
that the clinial picture of unilateral retinitis pigmentosa is a genuine 
entity, but as only four (Pedraglia, 1865 ; Shoji, 1926 ; Beigelman, 
1931 ; and Dreisler, 1948) have been followed for two years or 
more, it is still an open question whether changes develop in the 
fellow eye at a later date. 


The cases appear to be equally distributed over the two sexes. 


(2) ASSESSMENT.—It is generally accepted that the cardinal 
features of retinitis pigmentosa, apart from its bilateral and 
symmetrical distribution, are its hereditary character, the generally 
relentless course, and the presence of night blindness and 
characteristic field defects. In addition, deaf-mutism is present in 
some 10 per cent. and mental deficiency in some 4 per cent. of cases. 
Applying these criteria to the cases of apparent unilateral retinitis 
pigmentosa, the following considerations emerge : 


HEREDITARY CHARACTER.—As can be seen from the Table, in only 23 out 
of a total of 45 cases recorded is there any mention of a family history ; 
in seventeen of these 23 the family history is recorded as negative, and in 
six positive findings are given as follows : 


(a) Cases with Affected Sibs 
(i) Derigs—A brother is recorded as having bilateral retinitis pigmentosa. 
Since no details are given on the apparently normal eye of Derig’s patient, it is 
open to question whether unequally developed retinitis pigmentosa was present. 


(ii) Schmidt—A brother is recorded as suffering from bilateral retinitis 
pigmentosa. Whether Schmidt’s patient is a genuine case of unilateral retinitis 
pigmentosa is uncertain, as the vision in the aparently normal eye was as poor as 
thar’ of the affected eye. 


(iii) Neuffer—Two sisters had bilateral retinitis pigmentosa and the parents 
were consanguineous. Here, however, the patient with unilateral retinitis 
pigmentosa is recorded as showing disease of the vitreous with opacities, detached 
retina, chorio-retinitis, and optic atrophy. It is therefore possible that this patient 
was suffering from some incidental inflammatory disease rather than from retinitis 
pigmentosa. 

(iv) Wilbrand and Saenger.—A sister was “‘ rather deaf and almost blind ”’. 
No details are given as to the nature of the blindness. Moreover, the patient 
himself complained of night blindness, so that the validity of a finding of unilateral 
retinitis pigmentosa is questionable. 

(b) Cases with Consanguinity. Information is given in 23 cases, with a positive record 
in three. 
(i) Shoji —Consanguinity in the grandparents is recorded. 
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(ii) Yasutake.—‘* Consanguinity ” is noted. 
(iii) Neuffer.—This case, already discussed, is of doubtful validity. 
(c) Affected Parents 
There is only one case, that of Leber. The patient’s mother is recorded as 
having had “ chorio-retinitis pigmentosa”. The account given of the condition 
of the patient suggests that she suffered from an inflammatory lesion in one eye. 


RELENTLESS COURSE.—It has already been noted that in the total of 45 
cases, only four seem to have been followed for over two years or 
more. That of Pedraglia (1865) was followed for 26 years, when 
Deutchmann confirmed histologically pigmentary changes in the retina. 
Shoji (1926) followed his case for 10 years and noted a steady increase 
in symptoms. Beigelman (1931) followed his case for 6 years, 
vision slowly deteriorating in the affected eye from 2025 to 20 40. 
Dreisler (1948) observed his patient over two years, the affected eye 
being blind. In none of these cases did the other eye become affected. 
The information given in the remainder is not enough to judge whether 
the cases are progressive, and whether some of them may not have 
been early cases of unequal retinitis pigmentosa in the two eyes. This 
possibility is suggested by the facts that generally in unilateral retinitis 
pigmentosa vision is recorded as good, and that the cases were presumably 
fairly early ones. 


NIGHT BLINDNESS AND FIELD DeFEcts.— Unilateral loss of dark 
adaptation appears to have been present in three cases (Shoji, 1926 ; 
Yasutake, 1933 ; Schupfer, 1937), and such information as is given on 
field defects is not of pathognomonic significance. 


SUBSIDIARY FEATURES: DEAF MUTISM AND MENTAL DEFICIENCY.—In only 
one case (Pedraglia, 1865), is deafness, apparently of the acquired type, 
recorded. In two cases (Baumeister, 1873; Agatston, 1939), there was 
unilateral deafness, on the same side as the affected eye and on the 
opposite side respectively. There is no record of mental deficiency. 


DISCUSSION 


Much of the recorded material comes from older literature 
wherein the distinction between retinitis pigmentosa and pigmentary 
changes in the fundus was not firmly established. But even the 
more recent cases do not add up to a clear picture. The only point 
that emerges is that some patients show unilateral fundus changes 
resembling retinitis pigmentosa, but lack almost entirely the other 
features of the affection. 


In this analysis there is not a single acceptable case with a definite 
family history of retinitis pigmentosa. 


The two acceptable records of consanguinity (Shoji, 1926 ; 
Yasutake, 1933) both refer to Japanese cases and may well require 
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a local interpretation. Even this is minimized by the fact that in 
one a syphilitic aetiology is not unlikely. Evidence of unilateral 
defective dark adaptation was present in only three cases, and in no 
case was there evidence of deaf-mutism, or mental deficiency. The case 
reported here is no exception in lacking such essential or subsidiary 
features. Until such evidence is produced there is nothing to suggest 
that the picture of unilateral retinitis pigmentosa has any relevance to 
the classical bilateral affection with its clear-cut genetic aspects and 
invariable complaint of night blindness. The causative factors in 
unilateral retinitis pigmentosa are still to be established. It is likely 
that they will prove to be of environmental origin, though there is a 
possibility that some may arise as a somatic mutation. 


SUMMARY 


A case showing the features of unilateral retinitis pigmentosa is 
recorded. The negative family history conforms to the findings in 
the literature. In spite of a typical fundus reaction there was no 
defective dark adaptation. It is suggested that unilateral retinitis 
pigmentosa is unrelated to the classical bilateral affection with its 
clear-cut genetic aspects and characteristic functional disturbances. 


I am indebted to Professor Arnold Sorsby and Dr. R. A. Burn for their guidance 
and interest. I am obliged to Mr. J. B. Davey for help with the tests for dark 
adaptation, and to Mr. Nigel Cridland for kindly examining and reporting on one 
of the patient’s sisters (II, 8). 
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EFFECTS OF ANOXIA ON THE FLUORESCEIN 
_ PERMEABILITY OF THE BLOOD-AQUEOUS 
BARRIER* 


BY 
A. GIARDINI anp H. SWANLJUNG 


From the Institute of Ophthalmology, London 
Director of Research, Sir Stewart Duke-Elder. 


IT was demonstrated by Giardini and Nizetic (1949), using the 
Amsler-Huber fluorescein test (1949), that when guinea-pigs are made 
to breathe air containing approximately 5.52 to 4.16 per cent. 
oxygen (corresponding to the atmosphere at an altitude of 10-12,000 
metres, or 35,000-70,000 feet) for one hour, there is an increase in the 
concentration of the fluorescein in the anterior chamber. When the 
fluorescein test was performed on animals which had first breathed 
a reduced oxygen concentration and had then breathed normal air 
for half an hour, it was found that these changes were reversible, 
and that the fluorescein curve again became normal. 

For technical reasons these workers were not able to investigate 
the behaviour of the blood-aqueous barrier during anoxia since their 
technique entailed such a degree of oxygen-deficiency that serious 
general disturbances were produced in the experimental animals. 
In this series of experiments these difficulties have been overcome by 
the use of an apparatus with which the fluorescein test could be 
performed during anoxia of the medium-severe type. Cats were 
used instead of guinea-pigs, partly because the anatomy and 
physiology of the cat’s eye are regarded as being nearer to those of the 
human eye, and partly because it is possible to inject the fluorescein 
intravenously in this animal and thus to obtain approximately the 


same concentration of fluorescein in the blood in all cases. 


METHOD 

The method of Amsler and Huber (1949) was used for the fluorescein test. To 
obtain reliable readings it was necessary to reduce the amount of the dye injected to 
0.1 ml. 5 per cent. solution. The injection was made into the jugular vein, using a 
tuberculin syringe. 

Anoxia was obtained by allowing the animal to breathe a mixture of air and nitrogen 
from a cylinder connected with a Douglas bag. The mixture was such that the 
nitrogen diluted the air until it contained only 8.5 per cent. oxygen, thus simulating 
the oxygen pressure in the atmosphere at an altitude of 7,000 metres (23,000 feet). 
The Douglas bag was connected with a valve system by which the animal could only 





# Received for publication November 6, 1950. 
114 





PERMEABILITY OF BLOOD-AQUEOUS BARRIER 115 


inhale the gas mixture and exhale in the open air. The animal was intubated with 
a special glass tube, using a small laryngoscope. 

The experiments were done under general anaesthesia (nembutal injected 
intraperitoneally). The larynx and pharynx were painted with 1 per cent. pantocain. 
Two per cent. homatropin was instilled into both eyes to produce a mydriasis for ease of 
observation. The chin and head rests of the Haag-Streit slit lamp were removed and 
the animal was kept in position in a special box. In each animal, successive readings 
were taken in the same eye at intervals during the first 20 to 30 minutes after injection. 

The first experiment was done with the animal breathing normal air through the 
same apparatus as was used for the induction of anoxia. The second experiment was 
performed on the same animal, after an interval of at least three days in order that the 


fluorescein from the first experiment should be totally excreted. In this experiment 
the animal breathed the gas mixture for 5 minutes before the injection of fluorescein 


and continued doing so throughout the period of observation. 


RESULTS 


Before discussing the results it is necessary to note the peculiarities 
of the entrance of fluorescein in the anterior chamber of the cat. 
This is affected by the unusual depth of the cat’s anterior chamber 
and the fact that the fluorescein does not appear to be uniformly 
distributed throughout the aqueous as in the human eye, but is 
concentrated in the so-called Ehrlich line. In order to obtain 
comparable readings, observations were made with the beam of light 
always in the same position—in the upper temporal quadrant of the 
anterior chamber. The first reading was not taken until the 
fluorescein was thoroughly mixed in this-region and readings were 
taken when the green colour was seen to disappear in the middle of 
the beam of light. During the final part of the experiment the 


concentration of the dye sometimes became so high that accurate 


readings were impossible and the experiment had to be terminated. 


Each of the twelve cats used showed typical general signs of 


compensated anoxia; the results obtained are shown in the Table 
(overleaf). A typical curve is seen in Fig. 1. A summation of the 
average results is shown in Fig. 2, in which the average values 
obtained before 10 minutes and after 20 minutes are given in dotted 
lines, as they were not obtainable in all cases. 


The individual readings and the fluorescein curves derived 
therefrom demonstrate that in all the experiments, with only one 
exception, the dye appeared more rapidly and in higher concentration 
in anoxia than when the animals breathed a normal concentration of 
oxygen, the difference being outside the experimental limits of error 
(= 0.2 amp.). When the animal was breathing normal air a visible 
concentration of fluorescein sufficient for accurate recording appeared 
in about 6 to 9 minutes after the fluorescein injection, in the anoxic 
animal it usually appeared 2 to 3 minutes earlier. After 10 minutes 
the difference in the concentration of fluorescein in the aqueous of 
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TABLE 
CORRESPONDING READINGS IN ANIMALS BREATHING NORMAL AIR 
AND UNDER ANOXIA (AMPS). 





Normal Air | Anoxia (8.5 per cent. oxygen) 
Minutes after Injection Minutes after Injection 


8 | 10 | 15 | 20 | 25 | 30 s | 10 | 15 | 20 | 25 | 30 











3.0 {2.9 |2.35/2.3 |2.2 >> 3.5 |3.0 |2.4 |2.15}2.1 

2.8 (2.6 (2.4 (2.35/2.65/2.5 |2.3 |2,25/2.2 
3.55}3.0 |2.5 |2.45}2.35| — |2.7 |2.4 |2.1 |2.0 }) — 
3.8 (3.7 [3.2 [2.8 [2.6 [2.55|2.9 |2.75/2.45|2.25/2.2 
3.4 |3.3 |3.05|2.75|2.7 |2.65|3.5 {3.3 |2.7 {2.5 |2.4 {2.35 
2.95|2.7 {2.4 [2.3 |2.25/2.25/2.4 |2.25}2.1 }2.0 }2.0 | — 
3.45|3.35|3.2 |3.1 |2.9 |2.7 |3.0 |2.7 |2.5 |2.4 |2.3 |2.25 


\ 
. 25 \3.05)|2.9 eee 2.45 |2.35|3.0 \2.85|2.45\2.3 (2.2 — 
| 
= 


| 3.05 2.9 |2.7 (2.7 |2.55|2.45/2.9 |2.75|2.5 |2.35/2.25|2.2 
3.25|3.0 |2.6 |2.35/2.25) — | 2.45 2.3 |2.05|1.95| 1.95 
3.8 {3.4 |2.8 |2.75/2.6 |2.5 | 2.55 2.35|2.1 | 1.95! 1.95 
3.7 |3.4 |3.0 |2.9 |2.7 |2.6 | 3. 25 |3.05|2.6 





























| 
Average a.8/3 sof bt case ect 2.49|2.9 ed toe 





the normal and anoxic animais was equivalent to 0.65 amps., after 
15 minutes to 0.45 amps., and after 20 minutes to 0.4 amps. It is 
interesting that the curves resemble those obtained in human beings, 
showing an initial steeper rise in concentration and running almost 
horizontally at the end of the experiment. The two curves obtained 
in the same animal when breathing normal air and during anoxia are 
almost parallel and the difference between them tends to decrease 
towards the end of the period of observation. The correspdnding 
values in different animals, however, seem to vary considerably since 
the same quantity of the dye was always used. This difference may 
to some extent be due to the difference in the size of the animals, 
the weights of which varied between 1.6 and 3.4 kg. 


DISCUSSION 


In discussing the results, two constituents of the blood-aqueous 
barrier must be taken into consideration: the capillary walls of the 
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TYPICAL CURVE 


—— 8:5% OXYGEN 


15 20 
Fic. 1.—Typical fluorescein curve 


| 
| 


AVERAGE CURVE 


—-+-- NORMAL AIR 
8-5 % OXYGEN 


men 


1S 20 60 MIN 
Fic. 2.—Average of fluorescein curves 


ciliary body, and the ciliary epithelium. The first of these seems to 
be the more important; any effect which anoxia may have upon the 
ciliary epithelium is quite unknown. 

So far as the ocular vessels are concerned, it is known that 
important changes occur during anoxia. On ophthalmoscopic 
examination several authors have found dilatation of the retinal 
arteries and veins (Cusick, Benson, and Boothby, 1940; Mercier 
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and Duguet, 1947), and an increase of the systolic and diastolic 
pressures of the central retinal artery (Bietti and Lo Monaco-Croce, 
1941; Duguet, Dumont, and Bailliart Jr., 1947). The behaviour of 
the retinal capillaries has been studied by the endoscopic method 
(Zeiss entoptoscope), and during anoxia a reduction in the diameter 
of the capillaries has been found with an increase in the speed of 
the erythrocytes (Bietti and Lo Monaco-Croce, 1941). Duguet, 
Dumont, and Bailliart Jr. (1947), however, using the Fortin 
entoptoscope, were unable to reach any conclusion. 

A further clue may be derived from the valuable work of Landis 
(1928). Using a capillary in the mesentery of a decapitated frog in 
oxygen deficiency, he demonstrated an increased transudation and 
the passage of proteins through the vessel wall so that the osmotic 
pressure within the capillary was reduced by half. It would seem 
that in anoxia the capillary wall acts as a passive filter, since the 
movement of fluid through the wall is directly proportional to the 
difference between the capillary pressure and the osmotic pressure 
of the proteins of the plasma. 

The increased passage of the smaller fluorescein molecule through 
the capillary walls of the ciliary body in anoxia could thus be 
explained as a result of increased permeability. A review of the 
literature shows that in anoxia there is either a slight increase or none 
in the intra-ocular pressure; but it is also known that conditions of 
increased permeability do not necessarily determine such an increase. 


SUMMARY 


(1) Experiments were carried out to determine the relationship 
between oxygen deficiency and alterations in permeability of the 
blood-aqueous barrier. 


(2) The Amsler-Huber fluorescein test was performed on cats, 
first breathing normal air, and then after a few days breathing a gas 
mixture containing 8.5 per cent. oxygen, simulating the atmosphere 
at an altitude of-7,000 m. (23,000 ft.). In all but one of these 
animals under anoxia there was an increased fluorescein concentration 
in the anterior chamber. 


(3) The possible mechanism of the action of oxygen deficiency on 
the blood-aqueous barrier is discussed. 
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AQUEOUS VEINS IN RABBITS* 
BY 


D. P. GREAVES anp E. S. PERKINS 
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Director of Research, Sir Stewart Duke-Elder 


IN the course of investigations into the effect of cervical sympathetic 
stimulation on the ocular vessels of experimental animals, it was 
noticed that aqueous veins were a regular feature of the limbal 
circulation in the rabbit. Experiments were therefore designed to 
demonstrate the function of these vessels. 


A search of the literature revealed that although Ascher (1942) had 
failed to find aqueous veins in the monkey, dog, and rabbit, Schmerl 
(1947) described laminated veins in the rabbit, and a recent paper by 
Weekers and Prijot (1950), described the presence of aqueous 
veins in the rabbit and guinea-pig. Our investigations, begun 
independently, confirm this finding of Weekers and Prijot. 


ANATOMY.—In the rabbit the limbal vessels are mainly concentrated 
in two regions—at the upper and lower poles associated with the 
superior and inferior rectus muscle insertions. Joining these two 
regions there are smaller vessels concentric with the limbus, which 
receive blood from the marginal plexus of the cornea and from a few 
deeper vessels. The concentric vessels are continued in front of the 
insertions of the rectus muscles, and receive tributaries which can be 
seen to emerge through openings in the sclera. Some of these 
vessels, particularly in the upper nasal quadrant, contain a clear fluid, 
presumably aqueous. There are also superficial veins draining the 
conjunctiva towards the limbus. 


From the main concentric vessels arise episcleral veins running 
over the insertions of the rectus muscles and disappearing beneath 
the conjunctiva of the fornix. 


The vessels so far considered are all venous channels. The 
superficial arterial supply to the limbal region is obtained from a 
series of small vessels running towards the limbus from the rectus 
muscles. The origin of the scleral perforating veins and aqueous 
veins is as yet uncertain, but they appear to come from the region of 
the angle of the anterior chamber and the ciliary body. Fig. 1 
(overleaf) shows the general arrangement of the limbal vessels. 
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METHODS 


The animals were anaesthetized with 
Nembutal gr. 1 per 5 lb. body weight, 
intravenously. The aqueous veins were 
then identified in each eye using a Haag- 
Streit slit-lamp microscope. In eight 
experiments the cervical sympathetic 
nerve was next dissected out on one 
side, and a needle inserted into the 
anterior chamber, and connected to a 
manometer similar to that described by 
Davson and Purvis (1950) to record the 
intra-ocular pressure. The animal was 
supported in such a position that 
observations and photographs of the 
vessels could be taken. The photographs 
were taken with an Exacta V.P.K. 
camera with a long extension tube 
attached. An electronic flash-tube 
provided adequate illumination for 
photography at an aperture of f.22. 


Fic. 1.—-Limbal region of rabbit’s eye 
showing normal vascular pattern. 


EXPERIMENTAL FINDINGS 


Pressure on the Globe.—This caused a marked increase in the flow 
of clear fluid in the aqueous veins. When the pressure was released, 
the veins filled up with blood until an equilibrium had been reached 
and they returned to their normal condition (Figs 2a and b). 

Artificial Raising of the Intra-Ocular Pressure-—A needle was 
inserted into the anterior chamber and connected to a manometer 
containing saline. An interval was allowed to enable the pressure to 
become stable. It was then noticed that on raising the pressure by 
10 cm. saline, the aqueous flow was increased within a few seconds. 
A further rise in pressure up to 40 cm. caused a further increase in 
the flow of aqueous, which continued until the intra-ocular pressure 
returned to a level near the normal range. 

Injection of Indian Ink and Evans Blue Dye into the Anterior 
Chamber.—Weekers and Prijot claimed that Indian ink, when 
injected into the anterior chamber, appeared in the aqueous veins. 
This finding we have been unable to confirm in nine experiments. 

Our final method was to inject Indian ink, maintaining by means 
of a second needle connected to a manometer a compensated intra- 
ocular pressure of 25 cm. saline. Care was taken to put the needle 
through the cornea clear of the limbal region. We also injected 
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Fic. 2(a@).—Limbal vessels before pressure. Fic. 2(6).—Same region as shown in 2(a) 
during pressure on globe. Vessels in- 
dicated by arrows are now seen to be clear. 


similarly a suspension of black water-paint, and this also failed to 
appear in the aqueous veins. In both instances the particle size of 
the pigment was slightly under Ip. 

Evans blue, a non-particulate dye, injected by the same means, 
appeared rapidly in the aqueous vein under observation, and also 
disclosed many channels deep in the episclera in areas previously 
thought to be lacking in vessels. 

These experiments suggest that if there is a direct connection between 
the anterior chamber and the aqueous veins, it does not allow the 
passage of particles of size approximately ly. 

Stimulation of the Iris ——When the iris of a rabbit is scratched with 
a needle, a rise in intra-ocular pressure and contraction of the pupil 
follow (Duke-Elder, 1931). If the aqueous veins are watched at 
the same time it can be seen that the flow of aqueous increases 
greatly while the intra-ocular pressure is rising, in spite of the 
appearance of exudate in the anterior chamber. It would appear that 
irritation of the iris produces an increase in the volume of aqueous, 
which presumably follows hyperaemia of the anterior half of the 
uveal tract. 

Sympathetic Stimulation.—Stimulation of the cervical sympathetic 
nerve causes a drop in the intra-ocular pressure in the rabbit. This 
drop may be due to a decrease in the blood volume of the eye, to a 
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Fic. 3(a).—Normal 
limbal region. 


Fic. 3(6).—Same region 
as shown in 3(a) 
during stimulation of 
ipsilateral cervical 
sympathetic nerve. 


Fic. 3(c).—Same region 
One minute after 
cessation of stimulation. 


Fic. 3(d).—Same region 
five minutes after 
cessation of stimulation. 


decrease in the formation of aqueous, to an increase in its elimination, 
or to a combination of any of these factors: 

If a stimulation of 5 volts for one minute is applied, and the 
aqueous veins observed, it is noted that at first there is an apparent 
increase in the flow of aqueous, but after a little time contraction of 
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all the limbal vessels occurs and the whole region appears avascular. 
A smaller stimulation (3 volts) produces an increase in the flow of 
aqueous with a less marked effect on the recipient episcleral vessels 
(Figs 3a, b, c, and d). 


SUMMARY 


(1) The presence of aqueous veins in rabbits is described. 
(2) Their anatomical arrangement is illustrated. 


(3) Their response to increased pressure on the globe, to artificial 
raising of the intra-ocular pressure, iris stroking, and stimulation of 
the cervical sympathetic nerve are detailed. 


(4) Indian ink injected into the anterior chamber did not appear 
in the aqueous veins but Evans blue dye did so. 


(5) The communication of the aqueous veins with the anterior 
chamber is discussed. 


We wish to thank the Department of Medical Illustration of the Institute of 
Ophthalmology for their help in the production of the photographs. 
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BOOK REVIEW 


Diseases of Children’s Eyes. By J. H. DoccGart. Second edition, 1950. 
Henry Kimpton, London. Pp. 304, 211 illus., 33 col. plates. (42s.). 

This book, first published in 1947, makes a welcome re-appearance in its second 
edition, The author has taken the opportunity to amplify the bibliographies atthe end 
of the chapters and to make minor corrections. The method of arranging the book 
remains unchanged, the first four chapters being devoted to methods of examination 
and a general review of the anatomy of the eye and orbit. In the next four chapters 
the development of the eye is treated comprehensively, and the developmental 
anomalies and congenital abnormalities of the globe and its associated structures are 
described. Retrolental fibroplasia, interest in which has recently increased, has been 
included amongst the congenital abnormalities of intra-ocular structures not visible by 
external examination. 

A chapter on the ocular complications and sequelae of general diseases is followed 
by a detailed consideration of methods of treatment of ocular conditions in childhood. 
Squint and its treatment are fully covered in a section of five chapters. The remainder 
of the book gives an account of the commoner diseases of the eye, orbit, and lacrimal 
apparatus, and these are classified anatomically. In the chapter on juvenile glaucoma, 


reference is made to the treatment of this condition by goniotomy. 

The author takes full advantage of his long experience of ophthalmic problems, 
especially of such of these as affect children, and introduces into the text some of his 
personal opinions, which add to the interest and value of its teaching. The reader will 
be able to find mention of all but the rarer abnormalities and diseases of the eyes in 
children, and should he wish further to pursue his studies, he will find in the bibliography 
a number of recent references for his guidance. The production is excellent, and the 
text is adequately illustrated. 
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COMMUNICATIONS 


HYALINE INFILTRATION OF THE EYELID* 


BY 


NORMAN ASHTON anD ANTOINE REY 


From the Department of Pathology, Institute of Ophthalmology, London, 
and Curepipe, Mauritius 


THERE is a rare type of infiltration of the conjunctiva and eyelid 
usually described under the generic heading of “‘ hyaline, amyloid, 


and colloid degeneration”; before adding a further case to the 


literature it would appear desirable to examine the above terms and 


to attempt to define them in the light of modern knowledge. 


DEFINITIONS 


The term “hyaline degeneration”, first employed by von 
Recklinghausen (1883), denotes a physical state rather than a chemical 
composition. “Hyalin” includes a heterogenous group of substances 
which share the properties of being translucent, refractile, and 
structureless (Gk, hyalos—glass). They stain readily with acid dyes, 


are resistant to strong acids and alkalis, and are all of a protein nature. 


The term is applicable to such apparently unrelated conditions: as 
the arterial sub-endothelial thickening of arteriosclerosis, scar tissue, 
stromal degeneration in tumours, the degenerative changes of the 
islets of the diabetic pancreas, and the corpora amylacea of the brain 
and prostate. It is clear that this wide term should also include 
“amyloid” (Gk, amylon—starch, eidos—form), a hyaline substance as 
defined above which is only entitled to a special name on account of 
its characteristic anatomical distribution, its typical staining reactions, 
and the fact that it is the only one of these substances having a known 
* chemical composition. 


It is now generally agreed that amyloid is a glyco-protein, in which 
the carbohydrate ester, chondroitin sulphuric acid, has become 


attached to a globulin. It is probable, however, that its chemical 
composition varies, for the staining reactions are by no means 


constant. Indeed, Raehlmann (1881, 1882) and Kubli (1881) 


regarded hyalin as the precursor of amyloid; others, who distinguish 


strongly between the two, admit that they form related although 
independent end-products of kindred processes (Duke-Elder, 1938). 


Schmiedeberg (1920) also considers hyalin to represent a transition 
-—® Received for publication November 13, 1949. 
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stage from albumen to amyloid-albumen; he explains the variable 
staining reactions as follows: 
methyl violet staining is a property of the amyloid as a whole, whereas staining 
with iodine and sulphuric acid is related to the fraction containing chondroitin 
sulphuric acid; if this latter substance is absent, no iodine staining results. 

Klebs gave the name “ achromatic amyloid ” to deposits which 
give neither of these staining reactions; a type which appears 
indistinguishable from hyalin. The two infiltrations of hyalin and 
amyloid often present a very similar pathological picture, as may be 
seen, for instance, in the glomerular changes of amyloidosis and 
Kimmelstiel-Wilson’s disease. 

The term “colloid” (Gk, kolla—glue) used in this connection 
represents another attempt to describe the physical properties of the 
deposits, which are already fully covered by the adjective “‘hyaline’’. 
Unfortunately its use implies a protein known to be differently 
constituted and most pathologists are now agreed that “colloid” 
should be reserved for the glue-like substance of the thyroid secretion. 
Herbert (1902) was responsible for introducing the term “ colloid 
degeneration of the conjunctiva ”’, firstly because he was under the 
erroneous impression that the word hyalin was reserved by 
pathologists for small refractile spheres, such as corpora amylaceae, 
secondly because he considered colloid more nearly suggested an 
origin from normal collagen (from which he thought it to originate), 
and thirdly because it brought the condition into line with the rare 
disease of colloid degeneration of the skin described by Unna 
who named the deposits “ collacin”’. However, we have no certain 
knowledge of the origin of these substances, and, apart from amyloid, 
even less information about their chemical structure; no purpose is 
to be served by applying to them a variety of names, based upon 
their appearances or supposed source, and the practice has also led 
to considerable confusion in the literature. The terms “ fibrous, 
myxomatous, and mucoid degeneration”’ have also been used; these 
are obviously inappropriate and need not concern us further. 

With the possible exception of Zenker’s degeneration of voluntary 
muscle, the microscopical examination of tissues affected with both 
hyaline and amyloid degeneration, shows that the material is 
situated exclusively extra-cellularly, and, as Wright (1950) has 
pointed out, the use of the term “‘ degeneration ’’, which should be 
restricted to disorders of an intra-cellular kind, is undesirable in the 
interests of consistent terminology. Schmidt (1904) has also 
pointed out that the process is one of infiltration and not of 
transformation. 

We propose, therefore, to speak of “ hyaline infiltration of the 
conjunctiva and eyelid” and to regard amyloid infiltration as a 
particular variety of this condition. 

















HYALINE INFILTRATION OF EYELID 127 





Fic. 1.—Clinical photograph showing extent Fic. 2.—Clinical photo- 
of tumour in right lower lid. graph of swelling bulging 
forward in right lower lid. 


CASE REPORT 


CLINICAL History.—The patient, a male aged 22, was born of Chinese 
parents in Siam. When seen for the first time on February 25, 1943, he 
complained of a swollen right lower lid. There was no pain or irritation. 
On examination two small tumours the size of peas were visible in the 
thickness of the lid. A diagnosis of Meibomian cysts was made and 
extirpation advised, but the patient did not keep the appointment. Five 
years later, on June 15, 1948, he returned with a cartilagenous induration 
of the lid which bulged forward considerably (Figs 1 and 2). The tumour 
was imbedded in the whole thickness of the tissues; it was irregular, 
granular, and adherent to the conjunctiva. A fold of the neo-formation 
occupied the inner side of the lower fornix; its surface was smooth and 
its upper border free from adhesions to the eyeball or lid. The mass 
protruded between the globe and lid, its base being intimately connected 
with the deeper structures in the lower fornix. Irritation was still absent 
and the movements of the eye were normal. The pre-auricular gland was 
not enlarged and the cornea and inner structures of the eye were normal. 

There was no evidence of trachoma and no history of previous eye 
disease. His general condition was healthy. 

The tumour was excised on October 26, 1948. An incision was made 
in the skin of the lid, 2 mm. from the ciliary margin. The mass was 
removed to the greatest possible extent but the intimate connections with 
the conjunctiva rendered this difficult and a small perforation ensued. 
The tissues were found to be diffusely infiltrated and no clearly defined 
boundary could be found. The lid was sutured and recovery was 
uneventful. Two small lumps of the tumour remained in the inner and 
outer canthi; they were treated by diathermo-coagulation 15 days later 
and disappeared. 

The patient was last seen on November 9, 1950. A slight thickening 
of the lid remained and some strands of cicatricial tissue extended from 
the lid to the bulbar conjunctiva but the movements were not impaired. 

Dr. Cheng-Hin, Government Pathologist, Mauritius, found the Kahn 
test negative and the blood sedimentation rate and a complete blood 
count normal. No parasites or ova were found in the stools. 
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PATHOLOGY.—The tissue removed at operation consisted of a hard 
irregular mass, measuring 23 x 14 x 15 mm. _ The central portion was 
removed for section and the cut surface showed the mass to consist of an 
aggregation of brownish translucent irregular nodules resembling resin. 
Sections.—Situated immediately beneath a normal conjunctival 
epithelium there is a diffuse secured tumour consisting of 
elliptical and roughly 
circular hyaline eosino- 
philic masses of varying 
size, separated by 
strands of compressed 
fibrous tissue in which 
chronic inflammatory 
cells may be seen 
(Fig. 3). Some of the 
smaller masses are 
closely related to blood 
vessels and in some 
areas the hyaline 
material is deposited 
in the vessel walls, 
transforming them into 
broad hyaline rings 
which, partially or 
completely, obliterate 
the lumina (Fig. 4). 
Fic. 3.—General view of histology of tumour. The The hyaline globules 
tissue is infiltrated with elliptical and roughly circular have fused together to 
hyaline masses separated by compressed fibrous tissue. form large irregular 
nNOS SNE X: HH masses within which 
lymphocytes, plasma cells, and sebaceous glands are trapped and isolated; 
in these areas no relation to a vessel wall may be traced. Many 
of the hyaline blocks are well defined and show lamination (Fig. 5) 
and central calcification (Fig. 6); those which lie separate in the stroma 
are seen to be encapsulated by a condensation in the surrounding tissue. 
One mass was encircled with foreign-body giant cells. The picture suggests 
a deposition of hyalin within and without the blood-vessel walls; there 
is nothing in the sections to indicate an origin from connective-tissue cells. 


Staining Reactions of Hyaline Masses : 








Haematoxylin and eosin ..._ Pink with eosin 

Van Giesan... on ... Yellow—intervening tissue red 
Iodine reaction... Negative for amyloid 

Iodine and sulphuric atid. Negative for amyloid 

Methyl violet aps ... Negative for amyloid 

Congo red ... ‘3 .... Negative for amyloid 

Methylene blue... ... No selective staining 

Crystal violet sa ... No selective staining 

Mallory triple stain .... Hyaline substance. blue—tissue pink 
Phloxine-tartrazine .... Hyaline masses slate grey—connective tissue yellow 
PAS (McManus) ... ... Massés pink—faintly positive 


Toluidine blue i ... Metachromatic staining of the masses 
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# eigen 


Fic. 4.—Hyaline material deposited in vessel walls, transforming them 
into broad hyaline rings which, partially or completely, obliterate the 
lumina. Masson stain < 118. 











Fic. 5.—Lamination in a hyaline mass. Masson stain < 125. 
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Haematoxylin and 





Fic, 6.—Central calcification in a hyaline mass. 
eosin < 200. 


Chemical Analysis ——Under the stereoscopic microscope nodules of 
hyalin were dissected from the tumour tissue, and Mr. A. M. Woodin of 
the Ophthalmological Research Unit, Institute of Ophthalmology, kindly 
carried out an analysis. Although there was insufficient material for a 
complete analysis or duplication of the experiments, his report is 
recorded here in the hope that the procedure may be of value in the 
chemical investigation of similar pathological material. 


CHEMISTRY OF HYALINE MATERIAL 


The material was provided as a suspension in alcohol. After being dried in vacuo at 
room t2mperature it weighe d4.5 mg. It was suspended in distilled water and dialysed 
for 48 hours against N/1000 HCI at O°C. and then for a further 48 hours against 
distilled water. This dialysis would remove any non-colloidal material and would convert 
a Na salt of an acid polysaccharide to the free acid. The contents of the dialysis sac 
were centrifuged and the supernatant freeze-dried in a weighed tube. The water 
soluble fraction weighed less than 0.4 mg. and so was combined with the 
water insoluble fraction and hydrolysed in 1 ml. N HCI for 6 hours at 100°C. Only 
part of the hyalin was hydrolysed by this procedure and the insoluble fraction was 
removed by centrifugation and washed till free from chloride. The supernatant and 
washings were combined and repeatedly evaporated to dryness in vacuo over solid 
NaOH to remove the free HC1. The material remaining insoluble after the treatment 
with N HC1 was heated in a boiling water bath for 10 hours with 1 ml. 5 N H,SO,. 
After cooling the hydrolysate was brought to pH’ 4.5 with Ba (OH), and the BaSO, 
centrifuged off. The sulphate-free supernatant and washings were evaporated to 
dryness in vacuo. 
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The hydrolysate from the HCI treatment weighed 4.7 mg., and that from the H,SO, 


treatment 1.7 mg. (The combined weights are greater than that of the original 

material since in the hydrolysate amino acids are present as the hydrochlorides or 

sulphates.) 

The hydrolysates were tested as follows: 

(1) For Ester Sulphate.—0.01 ml. BaCl, (0.5 M) were placed on a microscope slide 
and 0.02 ml. of the original HCI hydrolysate (1ml.) added and the combined solution 
examined for a deposit of BaSO,. No precipitate was produced, while 0.01 ml. 
N/500 H,SO, treated under identical conditions gave a definite precipitate. The 
hyaline material hence contained less than 50a ester sulphate. 
(2) For Reducing Sugars. 

(a) The solid remaining after repeated evaporation of the HCl hydrolysate 
was dissolved in 0.02 ml. H,O and half of this put on each of two filter-paper 
strips and run as a partition chromatogram in the conventional manner 
(Partridge, 1948). Collidene was used to develop the chromatogram. 
Glucosamine and glucurone were included as reference sugars. After 
removal of the solvent, one paper was treated with silver nitrate and NaOH, 
and the other paper with the Elson and Morgan reagents, specific for 
hexosamines. The hydrolysate from the hyalin showed no reducing sugars, 
nor did it react with the Elson and Morgan reagents, but there was considerable 
interference from the chloride ion. From the percentage of the original 
hyalin in the hydrolysate and the observed sensitivity of the spraying reagents 
it is possible to state that the original material had less than 3 per cent. of 
any one reducing sugar or of a hexosamine. 

(6) The hydrolysate from the SN H,SO, treatment was dissolved in 0.02 ml. 
water and the entire material put as a small spot on paper and run in 
collidene. The developed chromatrogram was treated with AgNO and 
NaOH. There was no reducing substance in the hyaline hydrolysate. 

CoNCLusIONS.—In assessing the results from the paper chromatography it must be 
remembered that although there were no substances apparently present with the 
properties of monosaccharides a considerable quantity of material was originally 
present in the spot. It is not known to what extent such an amount of amino acids 
would interfere with the spraying reagents. With larger amounts of hyalin some 
of these interfering materials could be removed with ion exchange resins. Again it 
was necessary to make rather a priori assumptions about the conditions of hydrolysis 
necessary to liberate the constituents of the hyaline material. The treatment with 
N HCI is sufficient to liberate the ester sulphate present in chondroitin sulphate 
(Meyer and Rapport, 1950), and has been found to liberate some, but not all, of the 
hexosamine in the mucopolysaccharide from cornea. With these reservations it can 
be concluded that if the hyaline material contained a polysaccharide component, 
there was less than 10 per cent. of it in the dry weight. Such a conclusion is in 
keeping with the staining reactions described. 


DISCUSSION 


Hyaline infiltration of the conjunctiva and lid is of considerable 
rarity except in Russia where the condition has been fully investigated 
by Raehlman (1881, 1882), Kubli (1881), and Vossius (1889). It may 
occur either as an incident in other disease processes or it may 
present as an entirely separate and completely localized disease and 
these two types of presentation are seen also with amyloidosis where 
it is customary to speak of a generalized secondary type and a 
localized primary type. 





132 NORMAN ASHTON AND ANTOINE REY 


As an incident in other disease processes, hyaline infiltration has 
been noted in association with long-standing cases of spring catarrh, 
old trachoma, and syphilis, and it is seen also in pinguecula, and 
pterygium, and as a senile change. Dimmer (1903) reported 
advanced changes in a case of old trachoma: the infiltration was 
associated with both calcification and ossification, and, as in our 
case, amyloid reactions were negative. He believed that the whole 
picture resulted from exudation following an acute inflammation 
super-imposed upon old trachoma, and that the hyalin originated both 
intra-cellularly from degenerating lymphocytes, and extra-cellularly 
from the blood stream. Steiner (1904), who worked in the Malay 
peninsula, placed on record a case of amyloid degeneration of the 
conjunctiva and tarsus in both of the upper lids in a case of severe 
trachoma. The thickened tissue corresponded to the tarsus; masses 
of it were removed and it was found that the norma) structure had 
been replaced by amyloid material. Elliot (1920) has stated that 

in Eastern practice, one meets from time to time with patients suffering from a 
very unusual lid condition . . . the whole lid becomes slowly increased in size, 


until it is many times as thick as it normally should be. The upper lid is 
affected most frequently and most severely, but both may suffer. There is 
evidence of past, long-standing chronic inflammation of the conjunctiva. 


The pathology of these cases was found to vary between “ fibrous, 
myxomatous, and amyloid degeneration”. Hyaline infiltration of 
the lid is less common and is usually secondary to or associated with 
hyalinization of the conjunctiva. In our case, however, as also in 
the case reported by Rogman (1898) which was similar in other 
respects, the conjunctiva appeared normal. Rogman’s patient was 
55 years old, and had suffered with ptosis of the left upper lid since 
the age of 16; there was no pain or irritation and he complained only 
of obstruction of vision. On examination there was a mass in the 
upper lid, which on histological examination revealed blocks of 
hyalin beneath a normal conjunctival epithelium. Staining for 
amyloid was completely negative and in view of the extreme 
chronicity of this case Rogman considered his findings as evidence 
against the hypothesis that amyloid develops from hyalin. 

The histological findings in our case are very similar to those 
found in primary amyloidosis seen in the tongue, alimentary tract, 
heart, and pericardium, in which the characteristic features are the 
absence of preceding disease, no involvement of organs or tissues 
usually affected in the secondary form, involvement of mesodermal 
tissue, variation in staining reactions, and a tendency to nodular 
deposits. These criteria were listed by Reimann and others (1935), 
and our case resembles that reported. by them in all its histological 
features, ‘except that we found no evidence of connective-tissue 
change. Nevertheless the hyaline substance is probably formed 
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locally from some unknown metabolic perversion, and is gradually 
deposited within the vessel wall and throughout the adjacent tissue. 
It is thought that the hyaline and amyloid masses are both due to 
changes occurring in inert protein exudates or secretions, and should 
not be regarded as completely different entities. 

In conclusion, therefore, it may be said that hyaline infiltration of 
the lid and conjunctiva is a rare condition which may be confined 
to the conjunctiva, or extend into or arise primarily in the lid. It 
may be a localized disease or part of a generalized infiltration; it may 
exist alone or be associated with a chronic infective, inflammatory, 
or degenerative process. The staining properties of the deposits 
may be positive, variable, or negative for amyloid. 


SUMMARY 


The clinical and pathological findings in a case of hyaline 
infiltration of the eyelid, of seven years’ duration, in a male aged 
22 years are described. Similar cases in the literature are compared 


and discussed. 

A multiplicity of names has been given to this condition, and it is 
pointed out that until the exact chemical nature of the deposits is 
known such a nomenclature can only lead to confusion. In the 
present state of our knowledge it is suggested that the term “ hyaline 
infiltration of the lid and conjunctiva” (in which amyloid is 
considered as a particular variety of the condition) is the most 


suitable name for this group of diseases. 
Our thanks are due to Dr. Peter Hansell for the photomicrographs and to 
Mr. A. M. Woodin for the chemical analysis. 
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BRIGHTNESS PERCEPTION AND BINOCULAR 
ADAPTATION* 


BY 
MARY PUGH 
Institute of Ophthalmology, London 


In many cases of heterophoria and heterotropia there seems to be 
a reduced sensation of brightness in one eye. This diminished sense 
of brightness may be present when the vision of that eye is full and 
equal to the other eye and when there is little or no difference in 
efraction of each eye. 

The “ difference” between the vision in each eye is a symptom 
which the patient notices when he uses one eye at a time. To all 
routine tests the eye is in no way defective but an intelligent patient 
checking his own visual acuity on a Snellen chart and seeing for 
himself that there is no difference between the vision of each eye still 
says that the vision of one eye is “ not so good”. In everyday life 
this inequality seems to be very definite once it has been noticed. 
One man aged 40 had 6/5 in each eye and a manifest hypermetropia 
of 1 dioptre right and left. In spite of esophoria and a distinct 
preference for one eye, he said that his “‘ weaker ” eye was excellent 
for night driving because he used it when approaching strong 
headlights. His “ good ” eye was dazzled but if he shut it and used 
the other he had no sensation of glare. 

The loss of brightness appears to be present to some extent over 
the whole field. Not only does print look less black with the non- 
dominant eye but the whole white background of the page appears 
to be less white. One patient read down a Snellen chart with 
one eye first and then, as he changed to his other eye, he said that 
the extra light put on had made the chart brighter. He had not 
realized that the difference was in his eye and not in the lighting. 


More.often patients complain that colours are not the same with 
each eye. On questioning, the colour itself appears to be unchanged, 
but it is “ less intense ’’, “ less bright ”’, “ less brilliant ’’, as compared 
to the effect seen by the other eye. This colour difference was 
mentioned so often that it was decided to test it in detail. A group 
of patients was tested with Ishihara colour plates, taking the separate 
colour dots in turn and asking the patient if the colour seen by each 


* Received for publication November 7, 1950, 
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eye was the same, or, if not, what was the difference. Out of thirty 
reasonably good observers not one said that there was any change 


in the actual colour. The number was read easily but in each case 
a difference was noticed when the colour as seen by the non- 


dominant eye was compared with that seen by the dominant eye. 
The difference, although definite, was difficult to explain, and the 


test became tedious to the patient after five minutes. Usually the 
patient said that the pale pink and orange dots were “ dusty”, 


“ faded’, or “ paler”. The same sort of change was noticed to a 
lesser degree on the green and green-blue dots. The probability 


that the loss of brightness on the pinks was greater than that on the 
greens was strengthened by a tendency for the pink numbers to 


appear less marked, but the green numbers more marked with the 
non-dominant eye, although the green spots themselves were slightly 


less bright; this may be due to the greater loss in the pink-spot 
background and the less relative difference in the green. 


METHOD 


Since the tests required accuracy, 100 patients were selected for their 
reliability in observation. They included cases of simple heterophoria in 
which there was no history of amblyopia: cases of heterophoria in 
which one eye had been amblyopic before treatment but as a result of 
treatment had recovered normal visual acuity (with glasses if necessary); 
cases of heterophoria in which one eye was still amblyopic, the visual 
acuity in this eye being less than the normal visual acuity of the dominant 


eye. These patients were investigated for light adaptability and for 
suppression. 

For the purpose of this paper the vision of the non-dominant eye was 
compared with the dominant eye on Snellen’s type; any difference in the 
visual acuity, as difference in numbers of letters read in the line, was noted. 
Part 6/5 was not considered as equal to full 6/5, and where the vision was 
said to be normal, each eye saw at least 6/6 and the vision in the two eyes 
was equal on the test type at 6 m. distance. 


Apparatus.—The patients were examined on an orthoptoscope in order that the usual 
tests for binocular vision could be used. Care was taken that suppression did not 
occur and that the images fell along the visual axis of each eye so that the stimulation 
was bi-foveal. 

The lamps, checked individually against a photometer, were equal in luminance. 
The current was shunted through separate resistances so that the voltage going through 
each lamp could be checked on a scale and adjusted. The slides were made so that 
they gave the same light reading. 

Calibration of Light.—The amount of light presented to each retina was adjusted by 
the use of Ilfords’ neutral density filters. These filters were cut to lens size and slotted 
into the lens holders in the eye-pieces of the orthoptoscope. They were used in a 
series of 1 per cent. differences from neutral density 2.00 to density 1.0 (allowing 
| per cent., 2 per cent., 3 per cent. up to 10 per cent.; ina series of 5 per cent. differences 
from neutral density 1.0 (10 per cent.) to density 0.52 (30 per cent.); in 10 per cent. 
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differences to density 0.30 (50 per cent.); and in 20 per cent. differences to density 0.05 
(90 per cent.). The difficulty the patient found in giving accurate answers increased as 
the density of the filter decreased. Between a filter of density 2.0 and of density 1.0 a 
patient could see the difference of 1 per cent. in the light transmitted and be consistent 
in his answers on each examination. When the filter was between density 1.0 (10 per 
cent.) and 0.52 (30 per cent.) the patient could distinguish a difference of 5 per cent. 
in the light transmitted. When the density permitted more than 50 per cent. of light 
to pass, the patient had difficulty in giving accurate answers for a difference of 20 per 
cent. in the light transmitted. 

Procedure.—The measurements were taken in a dimly lit room during some 30 min. 
at each visit. The slides used were white designs on a black background. Black 
designs on a white background were used from time to time, to find out whether these 
altered the results, but no alteration was found. 

Stereograms representing buckets, tunnels, cones, and similar objects were so drawn 
that when the outside rings were fused the inside dots or rings were seen central, but 
at a nearer or more distant plane than the outside ring. A person with a pair of eyes of 
normal visual acuity (wearing glasses if necessary) fused such a stereogram and saw 
~ the centre correctly centred when the amount of light transmitted through each slide 
was equal. If the light in front of one eye was reduced, the centre remained in the 
correct position until the reduction was such that only | per cent. (varying slightly with 
. the individual) of the full light was passed through the slide. If this was tried again, 

reducing the light in front of the second eye and giving the first eye full light, the same 
reading occurred. Thus it appeared that in stereoscopic fusion a normal pair of eyes 
did not appreciate a difference in the amount of light transmitted to each eye separately 
.until that difference was in the region of 99 per cent. of the full light. These numbers 
were found in the conditions under which the test was made in the orthoptoscope and 


perhaps a wider range would have been found if the initial intensity of the light source 
had been higher. 


RESULTS 


In the group of patients under discussion this adaptability was 
lost. With equal intensity of light on each slide these patients fused 
a stereogram easily and saw the component parts in different planes. 
They could put a hand behind the instrument and indicate the 
varying positions of these planes correctly. Controls such as small 
dots above and below, or to the right and left, were not suppressed 
by either eye although one control was said by some patients to be 
less bright than the other. When asked whether the centre of the 
stereogram was really central, careful observation gave the answer 
that the tunnel receded slightly towards the side of the slide seen by 
the dominant eye. To correct this bias and obtain an accurately 
balanced stereogram the light transmitted to the dominant eye had 
to be reduced in some cases to jy or even less before the stereogram 
was balanced correctly. Where the dominant eye needed less than 
1 per cent. to balance the full light given to the fellow eye, accurate 
measurement became difficult, since the initial power of the lamps 
was not high enough to allow for so much diminution. 
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Great care was taken during the test that the light felt along the 
visual axes. Stiles and Crawford (1933) have shown that the retina 
has a marked directional sensitivity and that oblique rays incident 
on the retina give a marked reduction in the sensation of brightness. 
The marked reduction in the light-balance adaptability occurs in one 
eye in these cases when the incident light is not oblique but directed 
along the visual axis to the fovea. 

Of the 100 selected cases, 50 either had had amblyopia ex anopsia 
or still had unequal vision from this cause. The other 50 had equal 
vision in each eye and had no history of previous amblyopia. Ail 
the cases had normal retinal correspondence and good fusion, with 
some if not full stereoscopic vision. All had some degree of 
heterophoria, varying from those who had residual heterophoria 
after treatment of heterotropia to those who had never had more 
than a small degree of ocular muscle imbalance for near vision. 


TABLE 
BINOCULAR LIGHT-BALANCE ADAPTABILITY 








’ 26 patients 24 patients | 50 patients 


Unequal vision Vision now equal Vision equal and normal 
and normal in each eye 





Weak eye 6/12 or more Treated amblyopia | No previous amblyopia 





| 
| 
| 
| 
| 


Percentage | Balance Percentage | Balance | Percentage Balance 





See +: 100) | Be 
50 | 1: 100 : 30 | 1 : 100 
23. | 2 to 10: 100 28 =| «2to 10: 100 
| [11 to 50 : 100 
| 























14 variable approx. 
| 50 to 90 : 100 





16 | normal balance 
| | adaptability 





The adaptability to differences of binocular light balance was 
compared in three groups of cases, the results being shown in the 
Table. In the first group, each patient had an amblyopic eye in 
which the visual acuity was at least one line less than in the other 
eye but not less than 6/12. In the second group, both eyes now had 
equal visual acuity but one amblyopic eye had previously been 
successfully treated.. In the third group, there was no history of 
amblyopia, the vision of each eye being equal and normal. There 
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was no marked degree of anisometropia or high refractive error; 
any refractive error present was corrected by spectacles. Some 
degree of heterophoria was present in each case. 

It appears from the Table that a diminished light-sensitivity 
balance is present in a very high proportion of these cases, and that 
a marked diminution of light balance can be present without 
affecting the visual acuity, but that when the visual acuity is reduced 
there is always present a marked relative loss of light-balance 
adaptability. 

The 16 per cent. of cases (see foot of last column) who showed no 
alteration in light balance were compared with the rest. They 
included cases of exophoria and esophoria, with or without vertical 
heterophoria. The refraction was in some patients myopic and in 
others hypermetropic, with or without small degrees of astigmatism. 
Only one possible factor showed as a consistent difference from the 
other cases. This was that each had an unusually wide amplitude 
_ of fusion in spite of the heterophoria. 

Several of the patients who were most aware of the lack of 
brightness and fullness of colour in one eye as compared with the 
other had only very slight reduction (if any) from the normal light 
balance. The patients with heterophoria for one range, such as 
constant exophoria for near vision only, seemed to be more inclined 
to complain of the lack of brightness in the non-dominant eye, but 
this diminished response was more difficult to demonstrate. The 
patients with heterophoria which was manifest for longer periods and 
at more ranges were less aware of a light difference between the two 
eyes, but in these cases it was easier to demonstrate a reduction of 
light balance in the non-dominant eye. 


DISCUSSION 


Since this condition is frequently found in eyes which have been 
amblyopic, a connection with suppression suggests itself. Although 
suppression of the usual small dots used as controls does not occur, 
these controls are of necessity out of the centre of the diagram and 
therefore a fine mesh or dot suppression could be occurring. An 
effort was made to find out if this was so. Chavasse “ retinal rivalry ” 
slides No. 8 (Figs 1 and 2, opposite) were used. One slide presented 
rings composed of eight dots, the rings varying in size so that the 
largest subtended an angle of 50’ and the smallest an angle of 5’. 
The companion slide had a centre dot with two vertical and two 
lateral dots, the centre dot acting as a control when the peripheral 
dots coincided with four of the dots in the opposite rings. The 
centre dots varied in size, the largest subtended an angle of 10’ and 
the smallest an angle of 1’. Using these slides in examining a series 
of patients, the results were not consistent. Monocular suppression 
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Fic. 1.—Rings 
graded in size: 
largest subtends 
an angle of 10’, 
smallest an angle 
of 5’. 


Fic. 2. — Central 
control dots graded 
in size: largest 
subtends an angle 
of 10’, smallest an 
angle of 1’. 


might occur in the targest ring control subtending 50, and yet no 
dominance was found on a stereogram. A patient who had a 
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marked ocular dominance might not suppress the control subtending 
1’ more easily with the weaker eye than with the other. On the 
whole, however, there did seem to be a tendency for the less dominant 
eye to suppress the 1'-size control more often than did the 
dominant eye, but this tendency was not commensurate with the 
marked loss of adaptability to the intensity of light. 

The use of these slides did not settle the question whether the 
diminished brightness of the light as seen by one eye is a type of 
extenuated suppression or whether it is a condition of overall 
reduced sensitivity to light. Suppression, even in the case of an 
adult, generally tends to become more intense if left untreated, and 
heterophoria tends to increase in degree. But a treated amblyope 
left. with equal vision, good binocular vision, a slight degree of 
heterophoria, and a marked inequality to brightness at the age of 
8 years, may remain almost unchanged. Some cases have been 
examined yearly for 10 to 15 years with no intervening treatment 
~ other than the correction of refractive errors. Each year the vision, 
ocular muscle balance, and brightness inequality remain the same. 
It seems that a suppressing eye is generally less sensitive to brightness, 
although in some cases this is not so. An eye with diminished 
brightness does not necessarily suppress, but in some cases it does so. 
Probably every case of previous deep amblyopia is left with 
diminished sensitivity to brightness whether the tendency to 
suppression remains or not. 

Vogt (1939) and Wald and Burian (1944), measuring the absolute 
light threshold of deeply ambylopic eyes against the fellow eye, found: 

the absolute threshold was normal, foveally and peripherally, in cones and rods, 
and in light and dark adaptation. It must be concluded that the entire apparatus 
of simple light perception is normal in these subjects. 

Stiles and Crawford (1933) have demonstrated that the sensation 
of brightness from a light source entering through the periphery of 
the pupil is much less than the same light entering through the centre. 
In the cases being investigated the difference in light balance suggests 
that it is as if the light were entering through the centre of the pupil 
of the dominant eye and through the periphery of the non-dominant 
eye. This is carefully guarded against during all the tests. What is 
true is that, in ordinary life, at certain times and distances, the 
non-dominant eye, when the heterophoria becomes manifest, is 
stimulated by oblique rays at the same time as the dominant eye is 
stimulated byrays enteringcentrally. Itwould appear that some change 
occurs in the reaction-of the foveal cones which prevents them from 
reacting normally when the light rays are directed straight into them. 

Wright and Nelson (1936) suggested that the Stiles and Crawford 
effect might be due to the difference in the amount of reflection from 
the retinal elements. Barany (1946) tried to confirm this and that 
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the intensity of stimulation should also depend on the plane of 
polarization. Stanworth and Naylor (1950) point out that considera- 
tion of the effects of the bi-refringence of the ocular media supports 
the view that Barany’s negative results do not exclude the explanation 
of the Stiles-Crawford effect advanced by Wright and Nelson. If 
the intensity of stimulation does depend on the plane of polarization, 
is it possible that constant or intermittent stimulation of the foveal 
cells by oblique rays may cause a lasting (not necessarily permanent) 
alteration in the reaction of these cells when the rays are direct? 


Those patients who complain only of a diminished sense of 
brightness in one eye present a separate problem. The cause of the 
defect is not in the retinal elements which deal with form vision since 
the visual acuity is normal, nor is it in the mechanism of colour 
perception because that also is normal. 


In many cases the binccu!ar adaptability to differences of light 
balance is normal. The symptom remains unchanged for long 
periods and does not appear to vary at all with conditions of health 
or fatigue. It remains the same if the other eye is shut completely, 
or kept open but covered with an eccluder, or if binocular vision is 
being used. This suggests that the site of the defect is not central 
but peripheral and may be in the receptor mechanism of the eye 
itself.. 


From time to time the possibility of a separate brightness-perceiving 
mechanism has been suggested. Dartnall (1948) has shown that, in 
the presence of its bleached products, the spectral distribution of 
light absorbed by visual purple is modified so that the maximum 
moves towards the red. In the limiting case studied, the displaced 
curve agrees closely with the photopic-luminosity curve, apart from 
certain deviations later pointed out by Thomson (1949). Moreover 
these deviations occur in spectral regions where Granit has shown 
modulator activity. The inference is that visual purple and the rods 
are responsible for the mediation of luminosity at both scotopic and 
photopic levels, but that the final form of the photopic sensitivity 
curve is modified by participation of the hue mechanisms. 


“ Brightness ”, brilliance ’’, “‘ dazzle’, and “‘ shine” are words 
frequently used by patients to explain the type of visual loss 
experienced in one eye. Of these effects, “‘ dazzle”’ and “ shine ” 
are normally caused by the impact of polarized light on the eye, and 
the inability to perceive these effects seems to suggest that the eye 
cannot react normally to polarized light, but the results of an 
investigation of this question are not yet available. Also, since such 
an eye is otherwise normal, a mechanism might exist in the normal 
eye whereby brightness is perceived by a process in cells or pigments 
which react specifically to polarized light. 
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Polarized light in nature, especially in the sky, must form a 
considerable amount of the total light perceived. It is interesting 
to speculate that, since polarization occurs at fixed angles of 
reflection, this could be a factor in the directional flights of birds if 
they possessed a special mechanism for dealing with these rays. 
Lighthouses cause more disasters in bird flight when there is a mist, 
the particles of which would alter the ‘usual reflections from the 


lamp. 


SUMMARY 


(1) A patient can have a diminished sense of brightness in one 
eye which has normal visual acuity equal to that of the other eye. 

(2) A marked loss of adaptability to differences of binocular light 
balance can be present in one eye in a patient with normal equal 
visual acuity in each eye. 

(3) A marked loss of adaptability to binocular light differences is 
always present in an amblyopic eye. 
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RETINAL CHANGES IN COARCTATION 
OF THE AORTA* 


BY 


K. O. GRANSTROM 
From the Eye Department of Sédersjukhuset, Stockholm, Sweden 


. COARCTATION of the aorta (stenosis of the isthmus) is a congenital 
narrowing or occlusion of the aorta immediately below its junction 
with the subclavian artery at the orifice of the ductus arteriosus. The 
most characteristic symptom of this unusual disease is hypertension 
in the upper half of the body and relatively low blood pressure in 
the lower half (in normal persons the blood pressure is somewhat 
higher in the legs than in the arms). The blood supply to the lower 
part of the body takes place through numerous collaterals from the 
carotids and subclavians. Notching of the ribs is frequently visible 
radiologically. There is usually relative freedom from symptoms up 
to the age of about 15, when a number of hypertensive and cardiac 
symptoms appear. Approximately 50 per cent. of persons with this 
disease are stated to survive until the age of 40, and only 20 per cent. 
to the age of fifty. 

Crafoord’s operations have caused an unusually large number of 
cases of this uncommon disorder to be assembled in Stockholm. 
The patients come not only from various parts of Sweden but also 
from other countries in Europe. 

Before an operation is considered, the patients undergo a thorough 
examination in Professor Nylin’s cardiological department af 
Sédersjukhuset. As in other cases of hypertension, these patients 
are sent as a matter of routine for examination to the eye department. 
As soon as I had seen a few such cases, it became evident that the 
retinal picture in coarctation of the aorta is often somewhat 
characteristic, the principal feature being pronounced tortuosity of 
the arteries. In a preliminary report at the Annual Meeting of the 
Swedish Ophthalmological Society (1948), I gave an account of my 
findings in seventeen cases. The aforementioned characteristic 
picture was present in ten of these patients; I therefore expressed the 
opinion that it should be possible—at least in more pronounced 
cases—to distinguish between coarctation of the aorta and other 
cases of juvenile hypertension by means of ophthalmoscopy. 


* Received for publication November 11, 1950. 
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I have been able to find relatively few reports in the literature of 


retinal changes in coarctation of the aorta. For example, no 


mention is made of the fundi in the survey of thirteen cases given by 
Perlman (1944), in the report of 26 cases by Bramwell (1947), 


the report of fifteen cases by Campbell and Suzman (1947), or in the 


report of 26 cases by Newman (1948). Kartagener and Zimmer 
(1940) stated that the retinal vessels were normal in their cases, 


and Ask-Upmark (1942) reported a normal retinal picture in one 
of his three cases, 

in a case reported by Lichtenberg and Gallagher (1933), mention 
is made of marked pulsations in both the retinal arteries and veins, 
and Nicolson (1940) stated that, in his cases, the retinal vessels were 
tortuous and pulsating. Rhodes and Durbin (1942) described three 
cases of coarctation of the aorta in children, in one of whom the 
retinal arteries appeared narrow and more fortuous than normal, 
while the veins were not unusual. They added: 

in several cases in children the retinal arteries have been described as constricted 
“and tortuous. 

In four of the five cases described by Schwartz (1946), it was 
mentioned that the retinal arteries were tortuous or possibly narrowed 
as well, whereas in one case these vessels were normal. Al) four 
abnormal cases were diagnosed as “ retinal arteriosclerosis”. In a 
symposium on coarctation of the aorta from the Mayo Clinic, 
Christensen and Hines (1948) discussed the clinical picture on the 
basis of 96 cases, on eighty of which ophthalmoscopy had 
been performed. A normal picture was found in only 22 per cent.; 
generalized narrowing of the retinal arterioles was frequent; higher 
grades of localized narrowing occurred in some cases. Of interest 
is the fact that none of the eighty patients had severe hypertensive 
retinopathy. No mention was made of tortuosity of the arteries. 

Lundar (1948) described a case in which the retinal arteries were 
extremely narrow and tortuous with no variations in calibre. The 
veins were normal and there were no haemorrhages or retinal patches. 
Connelly and Gibson (1949) reported on a patient who had been 
under observation for 14 years, and showed pronounced tortuosity 
of the retinal. arteries. They considered this to be a vascular 
anomaly and not an indication of sclerosis. They stressed that 
hypertension in coarctation of the aorta and essential hypertension 
are not caused by the same mechanisms. 

In a survey of the diagnostic methods in coarctation of the aorta, 
Proudfit and Ernstene (1949) made no mention of examination of 
the retina. , 

Tortuosity of the retinal arteries is thus mentioned in many of the 
cases reported in the literature. In no instance, however, has it 
been stressed that the retinal changes in this disease are in any way . 
characteristic. 
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PRESENT INVESTIGATION 


Between 1947 and 1950, forty undoubted cases of coarctation of 
the aorta were sent from the cardiological department for ophthalmo- 
logical examination, and I soon noticed that tortuosity of the 
arteries was characteristic of many such cases. It was often 
strikingly regular, and, in some less marked cases, it was confined to 
certain arteria) branches, whereas in others it could be seen in the 


majority of the branches. Initially, the tortuosity appeared to me 
to be associated with regular, undulating changes in the width of the 


artery, and with regular changes in the light reflexes. The examina- 
tion was always made with Gullstrand’s binocular ophthalmoscope, 


in which a stereoscopic picture of the fundus is consistently obtained. 
This soon revealed that these changes in the arterial width and in 


the light reflexes were, in all probability, only apparent. It was 
possible to see clearly how the arteries were often twisted in the shape 


of a corkscrew, and were, in some places, somewhat embedded in the 
retinal tissue, whereas other sections of them lay more superficially. 


This explains the regular changes in the light reflexes and the apparent 
Variations in calibre. (in looking at a spiral metal thread, the changes 


in the light reflexes are noticed immediately and also—particularly 


under certain conditions of illumination — apparent variations in 


width.) 

More or less pronounced tortuosity of the retinal vessels may occur 
in normal cases, although it is then, as a rule, mainly localized to 
one plane and is infrequently found to be in the shape of a corkscrew. 
Moreover, in normal cases, it is often present in both the arteries 
and the veins. In coarctation of the aorta, on the other hand, the 
veins are seldom tortuous. 

in the Table overleaf the patients are listed according to age 
and numbered in the order in which they were sent for examination. 

The Table shows that more or less pronounced tortuosity was present 
in 24 of the forty cases; furthermore, it is evident that the cork- 
sctew-like formation increases in frequency with advancing age. 
It was present in eleven out of the 24 patients below the age of 
25, as against thirteen out of the sixteen aged 25 years or more. 
This change in the retinal arteries may therefore be considered as 
fairly characteristic of coarctation of the aorta, particularly in older 
patients. The changes are easily seen in marked cases, whereas they may 
readily be overlooked when they are slight, unless attention is particularly 
focused on their possible occurrence. Examination with a binocular 
ophthalmoscope is of especial value for the detection of the corkscrew 
formation. It may be added that it is often possible to observe very 
clearly swinging pulsations of the entire arterial branches. 

I re-examined a few patients after they had been operated on. The 
retinal picture was then exactly the same as at the first examination one 


or two years earlier. 
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TABLE 
PATIENTS IN ORDER OF AGE SHOWING GRADES 
OF RETINAL CHANGES 





Patient Age Patient Patient 


No. No 


Age 
(years) Grade 
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++ marked corkscrew tortuosity. + slight but unmistakable changes, — no arterial change. 


In.a few cases there also appeared to be a generalized narrowing of 
the arteries. Local arterial constrictions—which are often found in 
essential hypertension—were, on the other hand, usually lacking. Slight 
changes of this kind or slight arterio-venous crossing signs were present 
only in a few instances. In no case did I find haemorrhages, white 
patches, or other retinal changes occurring in severe hypertensive 
retinopathy. In this disorder, tortuosity of the arteries, even in the form 
of a corkscrew, is sometimes found, particularly in the macular region. 
In such cases, however, other typical arterial changes are always present 
concurrently. In coarctation of the aorta, on the other hand, the arteries 
have an essentially normal appearance, with the exception of the 
tortuosity. Moreover, the tortuosity is not especially confined to the 
macular region. i 

It therefore appears evident that the retinal picture in coarctation 
of the aorta differs distinctly from that usually found in other forms 
of hypertension. 

(1) Corkscrew-shaped tortuosity of the arteries is common in the former 
disease, particularly in patients over the age of 20 or 25. 

(2) The retinal changes characteristic of hypertension of other origin are 
wholly or partly lacking in coarctation of the aorta. 


It should therefore be possible—at any rate in certain cases—to 
differentiate between coarctation of the aorta and other forms of 
juvenile hypertension by means of a thorough examination of the 
fundi. Case 37 is a particularly good illustration of the fact that 
ophthalmological examination can contribute to a diagnosis of 
coarctation of the aorta. 
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Case 37. A 32-year-old woman, who was to be operated on for an ovarian cyst, 
was found to suffer from hypertension. She was therefore transferred from. the 
gynaecological to the cardiological department for further examination. After the 
diagnosis of hypertension, she was sent for ophthalmological examination, which 
revealed not only small variations in the calibre of the arteries and slight arterio-venous 
crossing signs, but fairly pronounced corkscrew-like tortuosity of the arteries. For 
this reason, I suggested that it might be a case of coarctation of the aorta and not of 
essential hypertension. This tentative diagnosis was confirmed by measurements of 
the blood pressure in the legs and a further study of the radiograms. 


Tortuosity of the arteries, often in corkscrew form, is common in 
the entire upper half of the body in coarctation of the aorta, 
becoming more pronounced with the years. Tortuosity of the 
retinal arteries is also more frequent with advancing age. It therefore 
appears probable that the tortuosity of the retinal arteries is only a 
partial symptom of generalized arterial tortuosity, which is a result 
of the abnormal mechanical conditions. 


Hypertension in the upper half of the body is also, presumably, 
mainly due to mechanical factors. Some authors have assumed that 
it is caused by a decrease in the blood supply to the kidneys, but 
other writers have put forward strong arguments against this 
hypothesis. In coarctation of the aorta, the absence of marked 
retinal changes, other than tortuosity of the arteries, is, in my 
opinion, a strong indication that hypertension in this disease is of an 
entirely different nature from that found in other hypertensive 
disorders. In the latter, the condition of the finer arterial branches 
is probably of prime importance, both for the occurrence of hyper- 
tension and for the possible retinal changes. Conversely, in 
coarctation of the aorta, the arterial changes (tortuosity) are of a 
more secondary nature. It is probable that both the tortuosity of 
the arteries and the hypertension are mechanically conditioned by 
the increased resistance. The pathogenesis of other hypertensive 
disorders is certainly considerably more complicated. 


SUMMARY 


(1) An account is given of characteristic retinal changes found 
in 24 out of forty cases of coarctation of the aorta. The 
changes consist of more or less pronounced corkscrew-shaped 
tortuosity of the retinal arteries, most distinctly visible with 
Gullstrand’s binocular ophthalmoscope. Other retinal changes 
usually present in hypertensive disorders of a different nature are 
almost entirely lacking. 


(2) It is therefore suggested that, in juvenile hypertension, careful 
examination of the fundi can contribute to a diagnosis of coarctation 
of the aorta. 
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(3) The difference between the causative mechanism in hypertension 
in coarctation of the aorta and in other hypertensive disorders is 
discussed. : 
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PHOSPHATASE ACTIVITY IN THE OCULAR 
TISSUES* 


BY 


J. L. REIS 
The Postgraduate Medical School of London 


THE presence of phosphatases in the ocular tissues has been mentioned 
in several papers. Conciliis (1934) found alkaline phosphatase in 
the retina. Reis (1937a and b; 1940) found that in the retina and 
choroid of nearly all animals examined (frog, calf, rabbit, horse, dog, 
pig, but not pigeon) a specific phosphatase is much more active than 
the alkaline phosphatase. 


This specific phosphatase is a 5-nucleotidase; it differs from the alkaline phosphatase 
in its range of action and in its optimal pH. Whereas alkaline phosphatase, which is 
non-specific, hydrolyses a great variety of phosphoric esters, the 5-nucleotidase 
hydrolyses only nucleotides with the phosphate group attached to the fifth carbon of 
the pentose, that is, muscle adenylic acid (adenosine-5-monophosphoric acid) and 
inosinic acid (inosine-5-monophosphoric acid). The optimal pH of alkaline 
phosphatase is near pH 9.5; the optimal pH of 5-nucleotidase is at pH 7.8 (for human 
tissues), which approaches the physiological hydrogen ion concentration. 


The activity of 5-nucleotidase ‘varies in the eye tissues of different 
species. In calf and rabbit retina and choroid, at physiological pH, 
the activity of 5-nucleotidase is about thirty times greater than that 
of the non-specific phosphatases (this means that the adenylic acid 
or inosinic acid are hydrolysed, at pH 7.5, at a rate thirty times 
greater than any other phosphoric ester). The activity of 
5-nucleotidase in calf retina is about twice as great as in the choroid. 
The reverse was found for the rabbit, where the 5-nucleotidase 
activity in the choroid was sometimes four times greater than in 
the retina. Gulland and Jackson (1938) studied the 5-nucleotidase 
and non-specific phosphatase activity in the sheep’s retina. They 
found a comparatively low activity, but even so, in the first hours of 
their experiments, the 5-nucleotidase activity was much more 
pronounced than that of the non-specific phosphatase. 

Siillmann (1947) and Siillmann and Payot (1949), using a histo- 
chemical, method, investigated the presence of alkaline phosphatase 
in animal cornea. They found this enzyme in epithelium, and in 
endothelium in some animals, but never in stroma. By a similar 
method, but using frozen sections, Friedenwald and Crowell (1949) 
studied the action of the alkaline phosphatases of the corneal 
epithelium upon the nucleic acids. 
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‘ The activity of phosphatases in the human eye has not so far been 
studied, and the differences found between various species are too 
great to allow any inferences to be made by analogy. For this 
reason, some estimations on human eye tissues seemed desirable, and 
the following investigations were carried out with this object in view. 


METHOD 

The preparation of tissue extracts and the phosphatase-activity estimations were 
made as described in previous papers (Reis, 1937a and b; 1940; 1951). For the 
estimations of the non-specific phosphatases, sodium phenylphosphate was used as 
a substrate, as recommended by King and Armstrong (1934). Compared with 
the §-glycerophosphate, the phenylphosphate has a similar rate of hydrolysis at 
PH 7.5, but a much greater one in a more alkaline or more acid medium. The 
hydrolysis of phenylphosphate represents only the activity of the non-specific 
phosphatases, since it is not hydrolysed by the 5-nucleotidase. In order to estimate 
the specific phosphatase, that is the 5-nucleotidase, muscle adenylic acid was used. 
This ester is hydrolysed as well by the 5-nucleotidase as by the non-specific phosphatases. 
The difference between the rates of hydrolysis of adenylic acid and phenylphosphate 
represents the activity of 5-nucleotidase. 

Human eyes for these estimations were obtained from the post-mortem room about 
24 hours after death. Experiments on animal tissues had already shown that for the 
estimation of phosphatases fresh tissues are not essential. 


RESULTS 


Fig. 1 shows the activities of the phosphatases in human eye 
tissues. The most important are the activities near the physiological 
hydrogen ion concentration, pH 7.5. These estimations allow 
conclusions to be drawn regarding the physiological activity of the 
enzymes concerned. The non-specific phosphatases at pH 7.5 have 
in all eye tissues a very low activity. In order to identify the non- 
specific phosphatases, one estimation of phosphatase activity was 
performed at pH 9.0 (for the alkaline phosphatase) and one at 
pH 5.5 (for the acid phosphatase). As the acid phosphatase activity 
was found to be very low, nearly the whole non-specific phosphatase 
activity at physiological pH must therefore be ascribed to the 
alkaline phosphatase. The alkaline phosphatase was found to be 
exceptionally active in the choroid. The ‘5-nucleotidase is much 
more active in the retina and choroid than in the ciliary body and 
the iris. No evidence was found of any phosphatase activity in the 
sclera, cornea, lens, or vitreous body. 

Fig. 2 shows the activities of phosphatases in the rabbit’s eye. 
The enzyme activities are approximately similar to those in the 
human eye, except that the 5-nucleotidase activity in the choroid was 
found to be much higher in the rabbit (6x). 

The alkaline phosphatase of corneal epithelium described by 
Silman and Payot (1949) could not be demonstrated in those 
experiments where an extract of the whole cornea was employed. 
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Fic. 1.—Activity of phosphatases in human intra-ocular tissues. 
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Probably the alkaline phosphatase of the epithelium was too dilutec 
to be estimated by the chemical method used. 


DISCUSSION 


The role played by the phosphatases in the eye, as in other 
tissues, is unknown. It is of interest that a high activity of the 
alkaline phosphatase may be found in those tissues where filtration 
is going on, e.g., kidney cortex, placenta, and choroid plexus. 
The activity of alkaline phosphatase in the choroid membrane is 
similar to that in the choroid plexus; in both tissues it is about 
two to four times greater than in the kidney cortex. The role of 
alkaline phosphatase in the calcification of bones was stressed by 
Robison (1932). Whether or not alkaline phosphatase has a similar 
role in intra-ocular calcifications is an open problem. 

At physiological pH the 5-nucleotidase is very active, whereas the 
activity of the alkaline phosphatase is very low. Thus it seems 
possible that in physiological metabolism, as in pathological calcifica- 
tion, 5-nucleotidase is more important than alkaline phosphatase. 

We do not know whether the phosphatases play a part in intra- 
ocular fluid formation. It seems probable that the presence of such 
a factor in the blood intra-ocular fluid barrier (uveal membrane), 
has some bearing on selective filtration. The fact that the distribution 
of phosphate ions does not follow Donnan’s law seems to point to 
a special regulating mechanism. 


SUMMARY 


(1) The human choroid shows great alkaline phosphatase activity. 

(2) A specific phosphatase, 5-nucleotidase, is present in retina and 
choroid. 

(3) These enzymes may perhaps play a part in intra-ocular fluid 
formation and in intra-ocular calcifications. 


1 wish to express my thanks to Professor E. J. King for his advice and for the 
opportunity to perform the experiments in his laboratory. 
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AUREOMYCIN BORATE IN EXTERNAL 
OCULAR CONDITIONS* 


BY 


R. J. MCWILLIAM anp T. WILSON 
Eye Department, Western Infirmary, Glasgow 


IN seventeen cases of external ocular conditions treated with 
aureomycin borate, only eye drops were used, and in no case was 
the substance given orally. All were admitted to hospital and 
their conditions estimated daily by a numerical code. Routine 
bacteriological examinations were carried out, any organisms found 
being tested for sensitivity to penicillin and aureomycin. 

Since it was first described by Duggar (1948), aureomycin has been 
used successfully in an impressively large number of infections. It 
has been reported to be of value in many ocular conditions, used 
both locally and orally, but a critical assessment cannot be made as 
it has not been sufficiently widely used. 

Aureomycin is usually prescribed as the hydrochloride salt for 
oral use; this preparation is suitable for intra muscular injection 
although it is sometimes irritant, and it has also been used intra- 
venously without untoward effect. The hydrochloride salt, however, 
is too irritant to be used locally in the conjunctival sac; for this. 
purpose a borate salt in 0.5 per cent. solution, or aureomycin 
ethylene diamine in 1.25 per cent. solution, have been employed. 
According to Bellows, Richardson, and Farmer (1950) these con- 
centrations do not injure healthy corneal epithelium nor do they 
' delay epithelial healing when used three- or four-hourly, although 
half-hourly administration is certainly inadvisable. The manu- 
facturers|, however, state that aureomycin ethylene diamine locally 
applied may irritate the eye; it is therefore probable that aureomycin 
borate is the most suitable preparation for local application to the 
eye. It is supplied in the form of a powder containing: 


Aureomycin hydrochloride - - 25 mg. 
Sodium borate - - - - 25 mg. 
Sodium chloride - = = = 625 mg. 


To this powder is added 5 ml. distilled sterile water to make a 
0.5 per cent. solution in saline, with a pH between 7.5 and 7.8. 
The antibiotic maintains its activity in this form for 48 hours, after 
which the solution should be discarded. Aureomycin ethylene 
diamine is not yet available in Great Britain. 





* Received for publication D eer 27, 1950. 
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METHOD 

All patients treated were admitted to hospital in order to control the administration 
and to make the extraneous environment as uniform and satisfactory as possible. 
Treatment was given every two hours, night and day, for three days, into both eyes, 
whether or not the second eye was affected. This was followed by saline drops 
two-hourly for a similar period. Cultures from both conjunctival sacs were taken 
before the aureomycin treatment was begun and after the saline course. The patient's 
clinical condition was estimated daily on a numerical code. 

In no case was aureomycin given systemically and all other forms of chemotherapy 
were stopped during the course of treatment, except in one case of orbital cellulitis, 
Consequently, in uniocular cases, the second eye was protected with aureomycin. 
Each patient was given a three-day course of aureomycin borate, approximately 
60 to 75 mg. being used in each case. If cure was not obtained, but there were some 
signs of improvement, a further course was given. Most patients, however, received 
only one course of this intensive therapy. The number of courses which each 
patient received is indicated in Table I, 


TABLE I 


— OF INVESTIGATION 





ees | Duration of . | Number of | Degree of 
Diagnosis | Sex| Age | _ Symptoms before | Courses | Improvement 


Treatment 





Cure 

Cure 
Rapid 
Rapid 


pneumococcal 10 years 
palpebral 3 years 


Conjunctivitis | 
rosacea 1 year 


mnZzZ 


allergic 11 years 





None 
None 


None 
None 


| stiht temporary 


None 
None 
Temporary 
Temporary 


Temporary 


2 years 


2 years 
48 hours 


dendritic 
dendritic 
herpes simplex 
herpes zoster 
herpes zoster % 
superficial punctate 
superficial punctate. 
disciform , 
rosacea 
rosacea 
rosacea 


\ 
y i) = | 
Keratitis 


9 weeks 
1 year 
48 hours \ 
4months | 
3 days | 
10 years | 


< | z | tne Snny1Zz 


4 months 
1 week 


= DOH RQ ee Ree 








Marginal Corneal 


Dystrophy 18 months 2 { None 








Orbital Cellulitis 2 days | Continuous None 





MATERIAL 
Seventeen cases of assorted eye conditions, mainly chronic and unresponsive to 
routine methods of therapy, were chosen and admitted to hospital (Table I). Each 
case was deliberately chosen with this in mind, and there was no random selection. 
It is considered that the aureomycin was given a very severe trial and if it had succeeded 
in clearing up the cases to which it was given, it would indeed have been an extremely 


potent therapeutic agent. 
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RESULTS 

Conjunctivitis 

(i) Recurrent pneumococcal conjunctivitis in a man aged 34 
was treated with dramatic result. The condition had recurred 
over a period of 10 years and had not responded to the usual treat- 
ments, although the organisms were still penicillin-sensitive. Both 
tear sacs were patent, and x-ray of sinuses and chest were within 
normal; examination by a general physician and an E.N.T. surgeon 
did not reveal any abnormality. Routine blood examinations, 
haemoglobin, red- and white-cell counts, and blood films were 
normal, and the Wassermann reaction was negative. Culture showed 
a heavy, almost pure growth of pneumococci. Thecondition resolved 
rapidly after aureomycin and the second and a) subsequent cultures 
were negative for pneumococci. Some slight conjunctival injection 
persisted after the end of the first course of aureomycin; this rapidly 
cleared when a second course of treatment was given. 


(ii) Chronic palpebral conjunctivitis of uncertain aetiology in a 
man of 33, whose symptoms had persisted off and on for 3 years, 
showed great improvement with aureomycin. 


(iii) Rosacea keratitis which had been troubling the patient for 
a year, improved rapidly with aureomycin. 
(iv) Allergic conjunctivitis of uncertain aetiology, present off and 


on for If years, improved rapidly with aureomycin. This improve- 


ment was more rapid than had occurred in any previous 


exacerbation; when seen two months later the eyes were quiet, but 


four months later there was a slight recurrence in one eye. 


Keratitis.—Because of the known efficacy of aureomycin in virus 
diseases such as atypical pneumonia, psittacosis, dermatitis 
herpetiformis, and herpes zoster of the skin, it was hoped that there 


would be a similar good response in virus and virus-like diseases of 
the cornea. In our material, however, this hope was not fulfilled. 


(i) Dendritic ulcer. Two cases showed no improvement. 


(ii) Herpes febrilis corneae in a school-teacher who had been in 
contact with cases of chicken-pox in her class. In spite of almost 
immediate use of aureomycin, treatment having been commenced 
within 48 hours of the onset of symptoms, the lesion pursued a 
chronic course over several weeks. 


In contrast to our results, Zeller and O’Conner (1950) report improvement in all 
seven cases of dendritic ulcer treated, complete healing resulting in‘ from 4 to 21 days. 
In all their cases, except the last, treatment was begun within 3 days of the onset of 
the symptoms. Thygeson and Hogan (1950) state that aureomycin may be expected 
to cure some 60 per cent. of cases of herpes simplex cornea. These authors treated 
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24 such cases and found improvement in fourteen. In the only large series of cases 
reported (401 in all), Braley and Sanders (1949) treated 21 cases of dendritic ulcer 
with improvement in thirteen. Ainslie (1950) treated nine cases of dendritic ulcer, 
but, like us, obtained no improvement in any. 

On the experimental side, Bellows, Richardson, and Farmer (1950) denuded the 
corneal epithelium of both eyes of eight rabbits and applied vaccinia for one minute. 
Immediately thereafter, aureomycin drops were instilled into the right eyes and continued 
thrice daily for 7 days, and the left eyes were treated similarly with saline. 
“Infections of equal intensity were noted bilaterally ”’. 


(iii) Superficial punctate keratitis. Two cases were treated, one of 

which showed improvement, cure resulting in 4 days. This 

patient was aged 22 years 

dirs gestion and treatment was begun 

DISTRIBUTION OF RESULTS witttn 48. hours: of. the 

| | ' Not onset of the symptoms. 

"Cause. | ee Improved Jn the other sitet, a 

boy of 13 years, symptoms 

had been present for 4 

| months before aureomycin 

Systemic” ... was given, and nodramatic 

Veda 5 tes | | improvement was ob- 

| tained, even after a second 

* Improvement in the systemic group may be due to control COUTFSEC, though slow im- 

peikse cic roceengsed provement occurred in the 
two weeks following the second course of aureomycin. 


(iv) Disciform keratitis. In the one case treated slow improve- 
ment occurred in the 3 weeks following two courses of aureomycin, 
but 3 months later there were still some persistent symptoms, and it 
is doubtful if the substance exerted any great influence on the 
condition. 








Bacterial ... | 











(v) Herpes zoster. Two cases were treated, with some slight 
improvement in one, which relapsed when treatment was stopped. 
In the other, there was an associated iridocyclitis, and neither this 
nor the corneal lesions showed any improvement. 


(vi) Rosacea keratitis. Three cases improved during treatment, 
but all subsequently relapsed. The benefit might have been due to 
the control of secondary infection. 

These findings may be compared with those of Bralzy and Sanders, who treated six 


cases of rosacea keratitis, with improvement in only one. In none of our cases was 
there any permanent benefit. 


Marginal Corneal Dystrophy.—One case with ulceration showed 
no improvement. 


Orbital Cellulitis—One case with sloughing of skin was treated 
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with local aureomycin dressings as well as systemic penicillin. The 
condition resolved in about 3 weeks, the aureomycin having 
apparently had no effect. 


A summary of these results is given in Table II, and the 
bacteriological findings in Table III. 


TABLE Ill 
BACTERIOLOGICAL INVESTIGATIONS 








































































































Culture 
Diagnosis Sex | Age é 
Second 
Conjunctivitis 
pneumococcal | M | 34 Pneumococci | Micrococci | Micrococci 
Anthracoids No growth 
Coliforms +’ 
palpebral M | 33 | No growth No growth No growth — 
rosacea F | 52 | Anthracoids } | Anthracoids } sete a 
Micrococci || Micrococci | 
allergic F | 58 | No growth No growth — 
Keratitis | 
dendritic ... |M | 60! No growth No growth | — oa 
dendritic M | 50} No growth No growth | — — 
herpes simplex | F | 58 | No growth | Staph. aureus | No growth — 
herpes zoster F | 68 | Staph. aureus 
| Diphtheroids No growth | No growth _ 
Sarcinae 
herpes zoster | F | 58 | No growth No growth _ — 
superficial | . 
punctate | F | 22| No growth No growth se 8 — 
superficial 
punctate | M | 13 No growth No growth No growth | No growth 
disciform | M | 23) Micrococci | No growth | No growth | No growth 
rosacea | F | 68 | No growth No growth — _ 
rosacea ..-  M | 33 | Staph. aureus | No growth No growth | No growth 
rosacea . | F | 46| No growth No growth a —_ 












Marginal Corneal | | eset | | 


Dystrophy | M | 68 | Micrococci | No growth No growth — 
















Toxic EFFECTS 


No serious toxic effects were noted in any of our patients treated 
with local aureomycin, though some complained of smarting when 
the drops were instilled. Indeed, in one or two persons, a slight 
increase in conjunctival injection was observed, so that the daily 
clinical assessments had to be made shortly before the insertion of 
the drops, that is, about one and a half hours after the previous 
drops. We did not observe any swelling of the eyelids, pruritus, or 
urticaria uluchare mentioned by Burstein (1950), and in none of our 
rosacea cases was the pre-existing acne made worse. 
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DISCUSSION 


Analysis of our results does not indicate any great therapeutic 
advantage in the routine use of aureomycin borate eyedrops over the 
more usual, less expensive, and more readily available remedies. 
We have not had the opportunity of testing the substance against 
an established penicillin-resistant strain of organisms in which case 
aureomycin might prove to be invaluable. All the patients with 
conjunctivitis had failed to respond satisfactorily to penicillin, 
although the identified organisms were said to be penicillin sensitive. 

Comparison of our results with other published series of cases 
(Table IV) show that they are, by and large, similar, except in the 
case of virus conditions, where we were unable to substantiate the 
good results obtained by American workers (Our series shows 2 
cases improved out of 8, as against Braley and Sanders’ 15 cases 
improved out of 29). It does not appear, however, that local 
aureomycin borate has the same beneficial result in virus diseases 
of the cornea as oral aureomycin hydrochloride appears to have 
in generalized virus diseases. 


TABLE IV 
COMPARATIVE RESULTS 





Present Series* Ainslie (1950) Braley and Sanders 
| | (1949) 





Diagnosis | ) 
| Total | Im- |Not im- Total | Im- Not im- Total | Im- {Not im- 


\proved) proved | |proved) proved proved proved 
ome 








I 
Conjunctivitis | 
pneumococcal oo | 10 10 0 
palpebral _... | faseoy | ) 
rosacea 4 Ce hee | | 54 
allergic 1 








Keratitis | 
dendritic : | | 
herpes simplex | | | 
herpes zoster Beet kes. 
superficial 

punctate | 
disciform 
rosacea 





| 
| 
Marginal Corneal | | 
Dystrophy | | 0 me 
| 
| 











Orbital Cellulitis | ee ee 


| 


* Cases cured and improved added together 


It is again emphasized that in our series of cases, preference was 
given to chronic and resistant lesions, against which the usual 
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remedies had failed. It is possible also, that courses of longer 
duration than 3 days might have increased our number of successes, 
but it was usually possible to decide whether there had been any 
beneficial effect in this time. 


SUMMARY 


(1) Seventeen cases of ocular lesions treated with local aureomycin 
borate, with bacteriological control, are reported. 

(2) It had been hoped, in particular, that virus diseases of the 
cornea would have responded, but in our experience this has not 
been so. 

(3) Aureomycin does not appear to have any great advantage over 
the more usual forms of therapy in cases of keratitis. In four cases 
of chronic and resistant conjunctivitis, however, rapid improvement 
resulted. 

(4) The substance may be of use for penicillin-resistant organisms 
and in cases of chronic conjunctivitis not responding to other forms 
of therapy. 

(5) Our conclusions agree with those of Duke-Elder, Ainslie, 
and Boase (1950), who found that in the various infections commonly 
found in Great Britain, the results with aureomycin were not 
dramatic. 


We should like to thank Dr. I. R. W. Lominski for the bacteriological examinations 


and for advice on this aspect of the work. Our thanks are also due to other members 
of the Western Infirmary staff for their help and to the nursing staff for carrying out 
the treatment. Our supplies of aureomycin borate were made available by the 
Department of Health for Scotland. We should also like to express our appreciation 
to Prof. W. J. B. Riddell, under whose general direction the inquiry was conducted. 
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VASCULARIZATION OF THE CORNEA* 
BY 


J. H. DOGGART 
London 


THE subject of corneal vascularization becomes increasingly com- 
plicated as every year adds to the number and variability of factors 
known to promote the ingrowth of adventitious vessels. Some of 
the main queries that arise may be listed thus : 


(i) What are the chief lesions associated with vascularization of the cornea ? 
(ii) To what extent do the various modes of vascularization facilitate a differentia! 
diagnosis ? 
(iii) Is there a demonstrable factor common to the lesions concerned ? 
(iv) What is the real significance of these adventitious vessels ? 
(v) Does experimental work throw any light upon the problem ? 
(vi) Is it possible to control the degree and duration of invasion by new vessels ? 


CORNEAL LESIONS LIABLE TO VASCULARIZATION 


Before considering those conditions in which adventitious vessels 
are the rule, it must be pointed out that intense vascularization may 
also arise for no obvious reason. Reference will later be made to 
such cases, which may reasonably be labelled ‘‘ vascular keratitis 
of unknown origin”. The following are the chief conditions in 
which new vessels invade the cornea. 


(1) Phlyctenular disease (7) Various ulcers 

(2) Interstitial keratitis (8) Mechanical irritation 

(3) Sclerosing keratitis (9) Chemical damage 

(4) Disciform keratitis (10) Intra-ocular disorganization 

(5) Trachoma (11) Certain forms of nutritional disturbance 
(6) Rosacea (12) Some of the dystrophies 


(1) Phlyctenular Disease.—This condition commonly produces en- 
gorgement of the marginal loops before any characteristic yellowish 
dots become evident. These dots tend to encroach farther and 
farther on to the cornea, starting at the limbus. They are always 
accompanied by adventitious vessels but may fail to appear in 
recurrent attacks. In the cases exhibiting poor response to treat- 
ment we often find the clinical picture of fascicular keratitis, in 
which a leash of vessels embedded in cloudy corneal substance 
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tracks towards the axis. Although the original vascularization 
in phlyctenular disease is superficial, we may find deeper vessels 
in recurrent cases, especially when ulceration has been severe. 

(2) Interstitial Keratitis—Early in the active stage there may be 
one or more branches of superficial vessels, picturesquely called 
epaulettes, but the characteristic vascularization of this disease is deep. 
Until the cedematous infiltration has begun to subside, it may be 
impossible to secure a detailed view of these loops, which occupy the 
posterior one-third of the substantia propria. 

(3) Sclerosing Keratitis.—This appears to be a tuberculous disease 
in many instances, and the new vessels, which are almost invariably 
present, may occupy any layer, but show a predilection for the 
posterior half of the substance. 

(4) Disciform Keratitis—This usually excites so much cloudy 
swelling and thickening of the axial region of the cornea that we may 
fail to follow the vessels across until clearing has begun. No case 
examined by me has ever shown complete clearance of the opacity, 
but improvement is usually sufficient to display the deep vessels, 
and incidentally the axial keratic precipitates, which at first had been 
concealed from view. 

(5) Trachomatous Pannus.—This consists of a vascular infiltrate 
entering the superficial layers of the cornea from above, and seldom 
extending more than 1 mm. beyond the transverse half-way line. 

(6) Rosacea.—Conjunctivitis appears to pave the way for keratitis 
by keeping the vascular loops at the limbus in a state of intense 
engorgement. The corneal infiltrates occurring in this disease. are 
always vascularized. At first only the superficial layers are invaded, 
but subsequent ulceration may be followed by the development of 
vessels at any level in the corneal substance. In a great majority 
of cases the lower half of the cornea is more widely implicated. 

(7) Ulcers.—Those of any size nearly always display some 
vascularization in the course of healing, and indeed the absence of 
new vessels is part-evidence of devitalization when, for instance, the 
axial region of each cornea melts away as a consequence of kerato- 
malacia. Other things being equal, recurrent ulceration is more 
likely to stimulate vessel-formation than is a single attack, and the 
dendritic variety is a good example of this generalization. 
Vascularized ulcers are also apt to arise as a complication in measles 
and small-pox, and occasionally in the bulbar form of spring catarrh 
(vernal conjunctivitis). 

(8) Mechanical Irritation.—If it persists over a period of weeks 
or months this is a potent stimulus to the ingrowth of vessels from 
the conjunctiva. Numerous instances arise in the countries beset by 
trachoma, because the cicatricial stage of this disease tends to 
produce entropion. The consequent trichiasis leads to repeated 
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epilation of the misdirected lashes which thus come to consist of 
short bristles. Trachoma is not, however, the only cause of 
entropion. Some cases are of traumatic origin, whereas some follow 
the vesico-bullous group of skin diseases, or prolonged blepharitis. 

(9) Chemical Damage.—Since this is of almost infinite variety, it is 
seldom possible to give a reasonable prognosis when some unfamiliar 
substance has injured an eye. Certainly we cannot always judge the 
extent of permanent disability from the early clinical appearances. 
Sometimes the results of treatment surpass all expectation. In other 
cases an apparently trivial lesion must have been accompanied by 
some profound change in the anterior scleral and conjunctival 
vessels. Of this mustard-gas keratitis furnishes a striking example, 
for some of the victims who sustained relatively slight burns from 
this pernicious vesicant in 1917 and 1918 began to develop severe 
recurrent vascular keratitis after a lapse of anything up to 20 years; 
and evidence of deranged vascular supply was usually obvious in the 
form of multiple varicosities upon the conjunctiva. 

Probably many another deleterious substance shows a time-lag 
before its full extent of destruction is unfolded, although we seldom 
find so long a latent period as obtains in burns by mustard-gas. 
Chromic acid is one of the more insidious agents of damage. In one 
case recently under my care, early progress was not maintained, and 
several months after the original injury the cornea became 
progressively opaque, new vessels advanced, and the intra-ocular 
pressure rose. 

(10) Intra-Ocular Disorganization Whether it represents the end- 
result of absolute glaucoma, perforating injury, recurrent iridocyclitis, 
longstanding retinal detachment, or a combination of such disasters, 
this condition is often associated with the encroachment of superficial 
vessels upon the cornea. 

(11) Nutritional Disturbance.—Vascularization of the cornea has 
been reported as one result of vitamin A deficiency, but presumably 
these were relatively mild cases. In the classical cases of kerato- 
malacia due to lack of vitamin A, vessels were conspicuously absent, 
even under the provocation of secondarily infected ulcers, which 
would soon have promoted vascularization in the healthy subject. 

Greater interest, however, has been aroused by the problem of 
adventitious corneal vessels in ariboflavinosis. A few years ago it 
became obvious that vitamin B2 deficiency was being diagnosed on 
insufficient evidence. Observers untrained in ophthalmology, and 
novices in the use of slit-lamp microscopy, were jumping to absurd 
conclusions on the strength of having witnessed slight engorgement 
of the peripheral or limba] arcade of vessels. It will be remembered 
that normally a festoon of such collateral branches, aptly described 
by Mackenzie as an “ anastomotic wreath”’’, extends around the 
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circumference of the limbus. Any sustained engorgement of the 
conjunctival vessels renders this limbal plexus more distinct, with 
the result that as soon as this sign was taken to be pathognomonic 
of ariboflavinosis innumerable mistakes arose. 

To say this is not to deny that gross deficiency of riboflavin can 
provoke vascularization extending far beyond the peripheral festoon. 
Such a phenomenon has been observed by responsible investigators, 
and its aetiology confirmed by rapid shrinkage of the new-formed 
vessels in response to dosage with riboflavin. Itseems clear, however, 
that genuine ariboflavinosis, if sufficiently advanced to provoke 
corneal vascularization, will also have given rise to unequivocal signs 
elsewhere, especially on the skin and mucous membranes. Therefore 
slit-lamp microscopy is not really a suitable method of routine 
diagnosis in this form of deficiency. 

(12) Corneal Dystrophies.—In one member of this group (marginal 
degeneration of the cornea) new vessels are a constant feature. 
This disease of unknown origin affects men more often than women. 
It usually begins in the late teens or early twenties, and is commonly 
associated with recurrent attacks of conjunctivitis. Both eyes are 
affected, but manifestations in the second eye may be delayed for 
years. The earliest sign is a vascularized marginal opacity invading 
the corneal periphery from above, and one interesting feature is the 
clearly-marked whitish line whereby the affected area is bounded. 
This boundary relentlessly advances downward, always accompanied 
by superficial vessels, and sooner or later becomes a gutter, owing to 
slow destruction of the substantia propria. Meanwhile a fresh 
focus will probably have started from below, and ultimately the two 
will embrace the whole limbus. Before ever they have joined, 
however, the ectatic stage is likely to be evident in the upper, 
i.e., the original, seat,of trouble. Progressive attenuation of the 
corneal substance, together with the thrust of the normal intra-ocular 
pressure, has led to spontaneous perforation in a number of recorded 
instances of this dystrophy. 

Superticial marginal vascularization of the cornea may also occur 
in the later stages of familial keratitis or of Fuchs’ epithelial dystrophy, 
but it is not one of the more important features of these conditions. 


NEW VESSELS IN RELATION TO DIFFERENTIAL DIAGNOSIS 


The mode of vascularization is an important point in differential 
diagnosis, so long as the facts are interpreted with discrimination 
and in relation to the other features of any particular case. We have 
already seen that superficial vessels are the rule in some conditions, 
and deep vessels in others. We have also noted the tendency of 
certain diseases to be located in one region of the cornea more than 
in another. Exceptions will from time to time arise. Therefore it 
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is a mistake to draw up a rigid set of rules. In order to exploit the 
diagnostic significance of vascular variations we should assemble 
the rest of the clinical evidence, including the history, the marks of 
disease in other parts of the body, and the accessory ocular signs, 
Often a diagnosis will be obvious on general grounds, but sometimes 
observations upon the pattern of corneal vessels may be decisive. 

Naturally it is difficult to make precise investigations upon a case 
of active keratitis showing much irritability and photophobia, but 
we have to remember that vascularization of the substantia propria 
leaves permanent traces. Long after the flush of new vessels has 
faded, close scrutiny of the cornea will disclose their shrivelled 
remnants, like delicate veining on the back of a leaf; and in many 
cases of systemic disease the true explanation of latent syphilis was 
first adumbrated by a ghostly corneal network. Such vestiges can 
usually be detected without recourse to the slit-lamp. Those who 
are not skilled in the use of a corneal loupe will find it easier to 
bring them into view by direct ophthalmoscopy with the aid of a 
high-powered convex lens in the sight-hole. 

Diagnostic aid is also furnished in rosacea. Extensive corneal 
rosacea is usually accompanied by abundant signs upon the face, 
but cases do arise in which the skin betrays very little evidence of 
the disease. If we find vascularized scars of the characteristic 
wedge- or tongue-shape chiefly situated in the lower half of the 
cornea, then we may perhaps help to reach a diagnosis in time to 
apply prophylactic treatment. 

Gardiner (1946) suggests that clues to the differential diagnosis of 
digestive disease can often be obtained from corneal vascularization, 
and that this sign is especially relevant as corroborative evidence of 
duodenal ulcer. 


8 
PosstsLE COMMON FACTORS 


At one time great emphasis was laid upon the role of mechanical 
irritation in the production of cancer, and many authorities postulated 
a latent or obscure source of irritation in cases exhibiting no crude 
agent. Notwithstanding instances in which no irritative factor was 
apparent, it is true that irritation, whether mechanical, chemical, or 
other, is one of the more important factors. 

In the same way, many of the aforementioned instances of vascular 
keratitis were clearly provoked by irritation, but some deeper 
influence must be at work, because the same irritant will produce 
new vessels in one case and not in another; and exuberant vessel- 
formation often emerges without any such cause being manifest. 
Thus no common factor in the production of new vessels in the cornea 
has yet been established, although irritant stimuli in great variety 
obviously play their part. Inflammation, oxygen-want, and changes 
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in the hydrogen-ion concentration are among the other possible 
contributory influences. 


SIGNIFICANCE OF CORNEAL VASCULARIZATION 


Much knowledge.about the cornea had already been accumulated 

when Bowman (1849), referring to pannus, wrote: 
unless the vessels had been developed, the disease process would long ago have 
terminated by the total destruction of the tissue. 

It is clear that invasion of the cornea by new vessels is, on the 
whole, a beneficent process, a means of scavenging the substantia 
propria; this clinica) impression is fortified by animal experiments. 

The main significance of vascularization may therefore be described 
as reparative, but we have to recognize that, just as epithelial 
proliferation may pass beyond the bounds of repair until it creates 
havoc, so may a leash of adventitious vessels, originally budding 
forth to heal, slip into devastating proliferation. Keratitis involving 
the whole surface in dense vascularized opacity may be set in train 
by a slight abrasion, or may even arise spontaneously, in those who 
are cursed with the proclivity to sprout blood vessels. From the 
clinica] standpoint the two most important facts are these: 


(1) Invasion of the cornea by new vessels is an integral part of the healing process 
in many different lesions. 


(2) Disproportionate and mysteriously progressive vascularization is unfavourable, 
EXPERIMENTAL WORK 


Owing to its transparency, superficial situation, and small size, the 
cornea has been a convenient vehicle for experimental work upon 
the development of new vessels. The effect of various irritant 
substances has been investigated by numerous observers. Campbell 
and Michaelson (1949) came to the conclusion that the immediate 
stimulus for new vessel-formation was some factor diffusing from the 
lesion itself. They used a platinum-wire cautery to produce 
standardized burns in rabbits’ corneae, and noticed that a burn 
inflicted beyond a certain critical distance from the limbus failed to 
produce vascularization. Within the critical distance a burn 
resulted in a vascularized triangle with its base at the limbus. Indian 
ink injected into the carotid served to map-out such areas. 

Vascularization of animals’ corneae from riboflavin deficiency has 
been the subject of a vast amount of experimental work, but it has 
been found that diet defective in various amino-acids can also incite 
vessel-formation. _ Modern preoccupation with riboflavin is 
exemplified by the fact that this substance has been widely used in 
the treatment of phlyctenular disease and rosacea—fertile sources of 
adventitious vessels. 

Cogan (1949) believes that the deciding factor is a reduction in 


the compactness of the tissue stroma. He points out that oedema 
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supplies the haze so often associated with the ingrowth of new 
vessels, and suggests that diminution in the swelling of the corneal 
substance in a case of interstitial keratitis directly follows the vascular 
invasion. Cogan also worked on the experimental production of 
bullous keratopathy by hypertonic-saline injections into the anterior 
chamber, and found that this condition took a more severe form in 
the normal cornea than in one already vascularized. 

The work of Meyer (1940-48) suggests that the transparency, 
water-content regulation, and freedom from blood vessels of the 
normal cornea depend upon the presence of a polysaccharide, 
probably represented in the human subject by hyaluronosulphate. 
It will be remembered that the related substance, hyaluronic acid, 
which is present in synovial fluid, appears to act as a shock-absorber. 
Hyaluronosulphate is distributed through the interfibrillar spaces of 
the cornea’s collagenous network, and its discovery — 
tremendous possibilities. 

lt seems fair to summarize the position by saying that experimental 
work has already illuminated the problem of corneal vascularization, 
although much more knowledge is required. Perhaps one warning 
should be given regarding the interpretation of experiments. Much 
of the work has been done on rabbits, and it so happens that these 
animals can develop new corneal vessels with astonishing facility. 
Therefore a similar response to any particular agent of vascularization 
must not be assumed as inevitable when human beings or other 
animals are likewise exposed. 


CONTROL OF VASCULARIZATION IN CLINICAL PRACTICE 


The direct control of vascularization is difficult, and would in 
most cases be undesirable. Thus, for instance, the obvious purpose 
of the invading vessels in both disciform and interstitial keratitis 
is to clear away the oedamatous infiltrate and cellular debris with 
which the interlamellar spaces are clogged; so that artificial 
strangulation of the adventitious twigs could only prolong or 
aggravate the essential lesion, as Bowman long ago perceived. 
Indirect control of new vessels is another matter. As a rule we can 
shrivel up such branches by rendering them unnecessary—that is to 
say, by eliminating the factors which provoked their formation. 
Genuine cases of ariboflavinosis displaying extensive corneal 
vascularization will soon respond to dosage with riboflavin, and 
there are on record many authentic instances in which rapid 
withering of vessels was seen to follow that treatment. To take 
another example: suppose that vessels were beginning to invade a 
neglected corneal ulcer, and that treatment were then initiated. 
Perhaps the conjunctival sac and the surface of the ulcer would be 
flushed clean, suitable chemotherapy administered, and some form 
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of cauterization applied. Then, in a large proportion of cases, the 
ingrowth of new vessels would stop, simply because healing had now 
been rendered possible without their aid. 

Reference has already been made to those cases of vascular 
keratitis in which the vessels themselves, together with their cloudy 
pathways, menace the welfare of the cornea and serve no useful 
purpose, having started to multiply in the absence of any ordinary 
provocation. Many of the older clinicians used to perform the 
operation of peritomy with the object of checking the process of 
vascularization in such cases, but were seldom successful. Fresh 
anastomotic networks were soon flung out and it is clear that, when 
the propensity to form new vessels is really strong, minor surgery will 
not avail, and the only operative procedure likely to stop it would be 
too drastic to be feasible—something that would interfere with the 
entire circulatory system of the eyeball. 

Cogan’s experiments on artificially produced bullous keratopathy 
led him to wonder whether such a condition encountered in practice 
might derive benefit from the setting up of interstitial vascularization. 
It will be interesting to hear what measure of success he achieves 
when these investigations are completed. It is plainly more difficult 
to promote interstitial than superficial vascularization by artificial 
means. Moreover, the chances of permanent damage ensuing from 
the ingrowth of deep vessels are by no means negligible. Nor will it 
be easy to find cases of bullous keratitis likely to gain better sight 
from amelioration of that condition, since it is so frequently 
associated with grave disease of the inner eye. 


CONCLUSIONS 


Clinical ophthalmologists can derive a mass of helpful information 
from observing the advance and shrinkage of new vessels invading 
the cornea. Their situation and depth, and the associated signs 
of diseases elsewhere in the body—including the fellow-eye in 
cases apparently unilateral—will offer many clues to diagnosis, 
treatment, and prognosis. It is to be hoped that clinical observers 
working in close accord with experimentalists will ultimately discover 
how to check the development of vessels which fulfil no useful 
purpose, or persist long after their work of repair has come to an end. 
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APPLIANCES 


A FLOCK-SPRAYED TEST-OBJECT HOLDER* 
BY 


G. pE L. FENWICK 
Auckland, New Zealand 


WHILE being examined on the Bjerrum’s Screen with a small test- 
object, a patient sometimes remarks that he can see the holder but 
not the test-object itself. In an attempt to reduce the frequency of 
this annoyance, I have had a holder blackened by the method known 
as flock-spraying. 


In this process, the article is first painted with a glue, and is then 
completely covered with a coating of minute particles of material, 
these particles being blown onto the adhesive surfaces with a 
spray-gun. In the case of the test-object holder, the particles are 
of black matt rayon, up to 1 mm. long; wool, cotton or silk could be 
used, but it is found that rayon gives the greatest degree of “‘ matt ” 
finish. After being treated by this method the holder looks as if it 
had been covered with a tight-fitting seamless sleeve of black material, 
almost identical with that used for the manufacture of the Bjerrum’s 
Screen. The method can be applied to holders of any length or 
diameter, of metal or wood. 


The heads of the marking pins have also been flock-sprayed in 
black, with similar results. 


The holder and pins processed in this way have a surface that 
gives less reflection than the ordinary method of painting, and— 
rather suprisingly—equal durability. 


These articles are now being produced by John Weiss and Son, Ltd., London. 





* Received for publication December 12, 1950. 
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A SIMPLE OPTICAL APPARATUS FOR MEASURING 
THE CORNEAL THICKNESS, AND THE AVERAGE 
THICKNESS OF THE HUMAN CORNEA* 


BY 


D. M. MAURICE anp A. A. GIARDINIt 


Ophthalmological Research Unit, Medical Research Council, 
Institute of Ophthalmology, London 


PREVIOUS methods of measuring the corneal thickness in the living 
eye have recently been extensively reviewed and criticized by von Bahr 
(1948a), who devised an ingenious method (1948a, b) of over- 
coming the practical difficulties and theoretical objections of its 
forerunners. He employed an apparatus consisting of two rotating 
glass plates, coupled by gearing, which were mounted in front of the 
condensing lens. and microscope of a slit lamp, so that the aperture 
of each was half covered by one of these plates. On rotation, the 
reflection of the slit in the corneal endothelium may be displaced in 
the field of view of the microscope and brought into coincidence 
with that in the epithelium. By noting the angle of rotation, the 
thickness of the cornea may be obtained from a curve derived by 
calculation. Von Bahr claimed for this instrument that it was 
simple and easy to handle and gave a satisfactory degree of accuracy . 
and consistency. 

We were projecting a series of experiments in’ which changes in 
the thickness of the cornea in rabbits were to be followed after its 
metabolism was interfered with in various ways. Accordingly, a 
similar apparatus was constructed and attached to a Haag-Streit 
slit lamp. Experience showed, however, that there were dis- 
advantages in this arrangement which made it difficult to use with a 
normal eye, and quite impossible with disturbed corneae for which 
it had been intended. 


There are eight images of the slit formed by this optical system 
when operating correctly, and in our model an extra “ ghost ” 
image due to a double reflection within the glass plates. Two of 
these images, one an epithelial, and one an endothelial reflex, have 
to be aligned, but this is not easy as the former is some thirty times 
the brighter, and its dazzle conceals the other when they are 
adjoining. Again, the closeness of the glass plates to the slit-lamp 
and microscope lenses resulted in the light which traversed the first 





* Received for publication November 13, 1950. 
+ Now at the Ophthalmic Clinic, University of Parma, Italy. 
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plate, passing almost entirely over the second and vice versa, so that 
the reflections which have to be aligned are considerably less intense 
than the subsidiary ones; in fairness it must be admitted that this 
defect would be of minor importance in von Bahr’s own apparatus, 
as there was greater space between the plate and the slit-lamp lens. 
Finally, it is inconvenient to have a reduction in the free space in 
front of the slit lamp and microscope. 

We decided, therefore, to give up the model of the von Bahr 
apparatus and to design one which would be free from these 
objections. A simple and satisfactory device was finally constructed 
which could instantly be attached to the Haag-Streit slit lamp, or 
detached from it, leaving it free for normal use. This also appeared 
superior in performance to von Bahr’s own instrument. 


2 





Fic. 1.—General view of attachment. 


DESIGN 

The principle of the apparatus is derived from ‘that of von Bahr, but instead of 
two thin glass plates in front of the slit lamp, there is only one thick (¢ in.) perspex 
plate mounted behind the slit-lamp lens, that is, between the lens and the slit. A cut 
about 1 mm. wide is made centrally across this plate with a saw, and this is covered with 
a thin strip of coloured celluloid. The plate may be rotated by an arm which moves over 
a scale fixed to a mount fitting snugly over the slit-lamp arm, on which it is located by 
the two screws normally present (Fig. 1). 

The optical principle is illustrated in Fig. 2. The slit lamp is adjusted so that a 
narrow slit is focused on the cornea, and the light, on reflection at the corneal surfaces, 
passes up the axis of the microscope. In this way two optical sections of the cornea 
will be seen on looking into the microscope, a normal “* white ’’ one which is displaced 
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in the field of view as the perspex plate is rotated, and a less intense coloured one, 
virtually restricted to the epithelial reflex, which remains stationary. To carry out 
a determination, the plate is rotated until the white endothelial reflex is brought into 
alignment with the coloured epithelial reflex with which it is comparable in brightness, 
the angle of rotation being a measure of the corneal thickness. 


(A) VIEW IN 
EYEPIECE 








SLIT-LAMP 
BEAM 























(B) PERSPEX PLATE 
(FACE VIEW) 











Fic. 2.—Diagram of path of rays, slit-lamp lens omitted for simplicity. 
Coloured light indicated by broken lines. (A) view in eyepiece with 
epithelial and endothelial reflections nearly in alignment. (B) face-on 
appearance of perspex plate with celluloid covering saw-cut. 


USE 


Only one eyepiece is required and full magnification (x 40) is 
convenient. The focusing controls on the slit-lamp lens and 
microscope are allowed to lock into the standard positions pre- 
determined by the manufacturers. The arms of the slit lamp and 
microscope are fixed together with a definite angle, in our case 50°, 
between the beam and chosen objective. The slit is focused on the 
chosen area of the cornea, and the arms are rotated until the coloured 
epithelial reflection takes up a position in the centre of the diffuse 
patch of light that is the reflection of the slit-lamp lens in the cornea. 
In this position, which is reproducible with sufficient accuracy, the 
reflections in the corneal interfaces are near maximum brightness. 
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The slit is then narrowed until the sharpness and brightness are 
optimum, and the appropriate reflections are aligned by adjusting 
the rotating arm on the attachment. With the other hand the focus 
and position of the images of the slit are maintained. The initial 
setting is achieved in about 30 seconds and repeat settings in 
15 seconds. a ie 

For human subjects, the eye not being measured is made to fix 
an object seen in a mirror attached to the head rest, as suggested by 
Donaldson and Cogan (1950). When the rabbit’s cornea is being 
measured the animal is put under general anaesthesia and placed in 
a box which rotates about a pivot under its head so that both eyes 
may be conveniently observed in turn. This box is supported on a 
bracket which replaces the normal head rest. 


6 


Fic. 3.—Principle of calibration. Path of rays in general case (cf. Fig. 2). 


CALIBRATION 


The instrument was calibrated directly by measurements made upon glass and 
celluloid cylinders having a radius of curvature equal to that of the cornea. Where 
glass tubes are employed, they may be filled with paraffin oil and the determinations 


carried out without adjustment to the instrument. For the thinnest part of the 
calibration, air-filled celluloid tubes were necessary; the perspex plate was displaced 


to make the front and rear reflections equal in intensity, and a correction was made 
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for the thickness of the coloured celluloid normally interposed in the beam. With 
these tubes it was possible to adjust the curvature and confirm that normal variations 
between different eyes would not significantly affect the calibration, as has been shown 
mathematically by von Bahr for his instrument. If the curvature in the horizontal 
plane of a lamina has a definite value, the setting of the instrument is determined by its 
optical thickness and is independent of its refractive index within normal limits. For 
in Fig. 3 (which represents a horizontal section and the correctly aligned reflected rays 
from the front and rear surfaces) we have: : 


nsing = sin (1) 
. t = dcos( + 38) (2) 
a = dsin(¢ + 8) (3) 


If T is the optical thickness: 


t 
; eee 
n 


a sind@cos(¢ + 4) 
= from equations (1), (2), and (3). 


sin b sin (p + 8) 

Thus, if we have a glass tube with its radius of curvature that of the cornea so that 
vg = Wc, and of such a thickness that they give the same readings on the 
apparatus, so that az = ac, j 

Te sin (dg + 8) sin de cos (dc + 8) 
then: —-= i s 

Tg sin ¢g sin (dc + 56) cos (dg + 8) 
and, with me = 1.376, mg = 1.50, te = 0.5 min., and ¥ = 25, 
we obtain Te = 0.996 Ty. 


The optical thickness of the calibrating cylinders was measured directly by means 
of the fine focusing adjustment of a microscope, which was in turn calibrated by an 
engineer’s dial-gauge accurate to 1/10,000 in. The calibration was carefully checked 
by making determinations on two spherical, polished, perspex shells having curvatures 
and optical thicknesses within the range of the human cornea. The thickness was 
measured with the instrument at one point on each, and the shell was then rotated 180° 
round the radius of the sphere passing through this point and another measurement 
made. By averaging the readings thus obtained by measuring in two opposite directions 
along the same meridian, ‘allowance is made for any slight deviation from parallelism 
between the two faces. Confirmatory measurements round the meridian at right 
angles gave averages differing from the first by amounts corresponding to 0.000 mm. 
and 0,008 mm. in the two cases. The optical thickness was determined with the 
microscope, allowance being made for the curvature of the sphere, and was also 
calculated from the refractive index and the thickness as measured directly with the 
dial-gauge, the results agreeing within 0.005 mm. It is-thought that the overall error 
in calibration is unlikely to be as much as 0.01 mm. though it may well be as much 
as 0.005 mm. The true thickness was calculated from the optical thickness of the 
cornea, accepting the value 1.376 for its refractive index. 








PERFORMANCE 


Although the instrument was designed for use with rabbits, its 
performance would be more readily compared with those previously 
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described if it was given in respect of the human eye ; accordingly 
the results of detailed measurements in a few such eyes and rep- 
resentative measurements on a fair sized sample will be given below. 

The scale of the instrument is easily read to 0.25°, which corresponds 
to about 0.005 mm. in the range covered by the human cornea, that 
is about 1 per cent. of its total thickness. The self consistency of 
the readings was estimated by taking 25 determinations. in one 
position on one eye, resulting in a standard deviation of 0.011 mm. 
In general, for other eyes, four readings were taken in any one 
position, though more were added if any significant discordances 


appeared in the first group. 








+ 1 


eu ° 20° 30° 
NASAL TEMPORAL 
Fic. 4.—Variations in thickness of human cornea at various angles round 
equator (position of 0° estimated by observer). 

In a few subjects, the corneal thickness was estimated at 10 
intervals as far round the periphery as practicable. One typical 
instance is shown in Fig. 4. The readings in the extreme periphery 
are’ not accurate as the corneal surfaces are not parallel here. 
Nevertheless, the expected thickening of the cornea towards its 
edges is clearly shown,and, what is more important, a stretch of 
some 20° or 3 mm. in the centre where the thickness is minimal and 
appreciably constant. There should be no difficulty in estimating 
visually the middle point of the cornea to this degree of accuracy, 
and the 0° point on this curve was derived by this simple procedure. 

In the measurements on the main body of subjects which are 
described below, the initial measurement on an eye was always made 
in this way, and then two further estimations some | to 2 mm. on 
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either side of the first. Only in nine cases out of 88 was one 
of these estimates smaller than the first, and only in one case 
was it more than 0.01 mm. smaller. The smaller estimate was 
accepted in each case. A determinative value for the thickness of 
a human cornea can therefore be obtained without the necessity of 
further refinement in the technique. 


AVERAGE THICKNESS OF THE HUMAN CORNEA.—10 find a representative 
value for the human eye, the corneae of 44 volunteers from 


the staff and students of this Institute, 24 male, and twenty 
female, were measured. A\ll the females were aged between 18 and 30 


years and all but five of the males between 20 and 35 years. Every 

subject had two healthy eyes 

¥ Re and the majority were emme- 

tropes or had corrections of two 

spores dioptres or less. Two of the 

wa men were 4-5 dioptre myopes 

and one woman needed a 

similar correction in one eye 
only. 

The mean of the average 
thickness of each pair of eyes 
for this group is 0.507 mm. + 
0.0042 (standard error of mean 
of 44 subjects), « = 0.028 mm. 
The mean for the women is 
0.004 mm. higher than that for 
the men, this being insignificant 
in view of the estimated standard 
ol. _, error of the difference of the 

mm. 4% 43 4S a7 @# St S3 SS 57 ‘S59 means, 0.008 mm. The dis- 
Fic, 5.—Distribution of corneal thickness. persion for the women (c = 
Black areas, men. White areas, women. 0.031), is rather higher than for 
men (¢ = 0.026), but this also is not significant, since the estimated 
standard error for the difference in oc is 0.006 mm. The distribution 


of these results is shown as a histogram in Fig. 5. The average 
difference between left and right eyes is 0.0011 + 0.0011 mm. and is 


not significant. The standard deviation of the difference between 
the two eyes (0.0075 mm.) is that which would be expected on the 


basis of four determinations on each cornea if pairs of corneae were 
equally thick, and this would appear to be the case. 
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CoMPARISON WITH Previous RESULTS.—The values given by previous 
observers are quoted extensively by von Bahr (1948a) and will not be 
transcribed. The largest set of observations are those of this author 
himself who obtained a mean value of 0.565 mm. on 224 eyes of 125 
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persons. The standard error of the mean is 0.0042 mm., if, contrary 
to von Bahr, the number of people rather than the number of eyes is 
used as the size of the sample, as pairs of eyes correspond closely. The 
difference between his mean and ours is statistically very significant, 
though perhaps not important for practical purposes, either instru- 
ment being capable of detecting differences between its own value for 
the normal mean, and significantly different values for abnormal 
corneae. A small part of the difference could be due to his measure- 
ment being made in the centre of the pupil rather than at the point 
of minimum thickness of the cornea. If the entire difference were 
due to this, however, his dispersion should be much greater than 
ours, but as his standard deviation is only 0.047 mm. there must be 
a systematic error in one method or the other. 

Such errors should be less likely to occur if a direct method of 
calibration, as described here, is employed, and confirmation of our 
lower value is to some extent provided by the other workers using 
a variety of methods quoted by von Bahr. Only Blix (1880), 
Fincham, and Gullstrand (1924) give results whose dispersions are 
compatible with those of von Bahr and ourselves. The range of the 
values of Blix (0.482 to 0.576 mm.), is all that is available to 
us, and this is not sufficient to effect a comparison. Fincham used 
the method of measuring the movement required to focus the slit- 
lamp alternately on the back and front faces of the cornea. His 
figures (quoted by Koby, 1930) evidently make no allowance for the 
influence of the curvature of the cornea on its optical thickness. 
If this factor is included, the mean he obtains for nine adults is 
0.508 mm. + 0.012, in excellent agreement with our figure, and if 
three children under 12 years of age are included the mean is 
0.519 mm. + 0.011. Even if this second figure is adopted, the level of 
significance of the agreement of Fincham’s results with ours and 
von Bahr’s is 0.3 and 0.0003 respectively, assuming all distributions 
to be normal. Gullstrand made only two determinations (0.46 and 
0.51 mm.), which were obtained, however, by a very accurate 
method. The probability of these values belonging to our distribu- 
tion rather than to von Bahr’s is nine times greater. 

The cause of a systematic error in von Bahr’s instrument is not 
self-evident, though.a latent inaccuracy is revealed by the misleading 
results it gives in measurements taken round the corneal equator. 
In the one example quoted, both corneae in one subject increase in 
thickness continuously from right to left instead of showing a central 
minimum. 

SUMMARY 


A simple attachment to the Haag-Streit slit lamp which can be 
used to measure the thickness of the cornea in vivo is described and 


illustrated. 
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On 44 human subjects the mean value found for the 
minimum corneal thickness was 0.507 mm. + 0.0042 (7 = 0.028). 


Our thanks are due to Mr. C. Purvis for constructing this apparatus, 
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THE impression type of tonometer is probably sufficiently accurate 
for most clinical purposes, and for some scientific investigations 
where the changes in individual eyes are under observation. For 
the accurate measurement of the intra-ocular pressure it is, however, 
inadequate, since its reading is a function both of this and of the 

distensibility of the tunic of the eye. Friedenwald (1937), in his full 

and careful investigation of this question, has devised a method 

which compensates to some extent for the variations in this 

distensibility, but at the cost of increasing the uncertainties of 
. measurement resulting from the poor sensitivity of the instrument. 
: Aplanatic tonometers of the Maklakow type, which at first sight seem 
: to provide an absolute measure of the intra-ocular pressure, also 
give readings influenced by the distensibility of the globe, but even 
if allowance be made for this there remain large errors due to factors 
not included in the simple theoretical treatment (Friedenwald, 1939; 
Apin, 1928). For many problems in intra-ocular fluid dynamics a 
more sensitive instrument is required, and one which will give a true 
measure of the intra-ocular pressure; the tonometer described here 
was designed to meet this need, and is found in practice to go a long 
way towards giving satisfaction. 
























PRINCIPLE 





If two inflated membranes are pressed together, their surface of contact 
will be plane if the pressures within them are equal, regardless of the 
initial radii of curvature of the membranes or of the nature of their 
contents as long as they are fluid. If the surface between such a membrane 
and the cornea can then be made flat, the pressure within the membrane is 
equal to the intra-ocular pressure, with the addition of a small correction 
for the rigidity of the cornea. The adjustment of the pressure can be 
most conveniently controlled by observing the reflection of some object 
in the interface and comparing it with that in an adjacent plane surface. 












CONSTRUCTION 





The practical construction of the instrument in its present experimental stage of 
development is shown in Figs 1 and 2. A cylindrical chamber, 1 cm. in diameter, is 
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turned out of perspex or metal, fitted with a connecting tube at the side, and sealed at 
one end with a transparent wall set at an angle to avoid confusing reflections. Near 
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Fic. 1.—Cross section of chamber. 


Fic. 2.—Complete apparatus. 
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the other end of the chamber is fixed a ring of perspex to act as the comparison plane 
reflecting surface, and in the centre of this a 4-mm. hole is drilled to allow observation 
of the image in the interface between the cornea and membrane. The membrane 
which closes this end of the chamber is made from “ Pliofilm ”’, a plasticized rubber 
sheet which has the necessary properties of toughness, flexibility, specular reflection, 
and elasticity. This last is important in order that the membrane can assume a 
spherical shape under pressure, and will not pucker when the interface becomes plane. 
In addition, it has the advantages that it is impermeable to water so that misting over 
of the internal reflecting surfaces is avoided, and that it is thermoplastic so that it can 
be easily fixed in position without distortion. To achieve this the pliofilm is stretched 
over a metal ring as in a tambourine and warmed over a flame until soft. The front 
of the chamber is painted with a special adhesive, and the membrane is drawn over 
this, pressed down on to its sides, cut free, and trimmed. x 

The object observed by reflection is a system of parallel straight opaque lines, 1 mm. 
wide and spaced | mm. apart, in the form of a photographic negative, which is mounted 
on the observer’s forehead over his dominant eye. This negative is illuminated from 
behind by a bulb in a diffusing reflector, the current coming from a battery in his pocket. 

The chamber is connected by thin rubber tubing to a device for adjusting the pressure 
and to an aneroid manometer for recording it. These would preferably be in one piece 
so that the entire apparatus could be held in the observer’s hands. 


PRACTICAL APPLICATION 


A local anaesthetic is instilled into the eye and also a drop of paroleine 
to prevent adhesion between the membrane and corneal epithelium. 
If this precaution is taken the instrument appears to be completely 
non-traumatic; readings were taken continuously on one eye for a total 
of } hour over a 1! hour period without any subsequent ill effects. The 
pressure in the chamber is now raised to a value a little below that expected 
in the eye. With the room in semi-darkness, the front of the chamber is 
approximated to the cornea, so that the system of lines can be seen 
reflected in the perspex ring, and their small corneal image is visible through 
the central hole. Contact between the membrane and cornea is now made, 
and sufficient pressure is applied so that the interface just fills the central 
hole. With a little practice these operations present no difficulty. If the 
pressure in the chamber is below the intra-ocular pressure, the interface 
between membrane and cornea will be convex towards the observer and 
hence the lines imaged in the centre will be smaller and more crowded 
together than those in the outer plane perspex ring (Fig. 3b). As the 
pressure is raised the central lines will expand until, when the interface 
is plane, they become the same size as those in the outer ring, and 
accordingly this is the correct setting of the instrument (Fig. 3a). One 
set_of lines is not necessarily parallel with the other as this condition is 
dependent on how the interface is oriented. As the pressure in the 
tonometer is raised above the correct setting, the central lines become 
larger (Fig. 3c), then too large for observation, and finally smaller again 
as the interface becomes more concave towards the observer. The image 
in the centre will appear as sharp and bright as that in the polished 
perspex if the conditions are correct, but any particles of dirt or fine 
hairs between the membrane and cornea are sufficient to cause distortion 
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and must be wiped or washed away. If the distortion is very serious and 
uncontrollable, owing, for example, to a poor epithelial surface, a fairly 
accurate estimate of the point at which the interface becomes plane can 


(a) (b) (c) 
Fic. 3.—Appearance of reflections under various conditions of adjustment: 
outer ring, perspex plane comparison surface; centre, membrane/cornea 
interface. (a) Adjustment correct. (6) Tonometer pressure too low. 
(c) Tonometer pressure too high. 


be made, with experience, by observing the distribution of light over it 
and how this changes with the movements of the observer’s head. 

As the instrument has a very rapid reaction time, the image in the 
normal eye fluctuates in size with the pulse and respiratory rhythm of the 
intra-ocular pressure. The measurement of these variations, about 
2.5 mm. Hg each in one subject, might be valuable for some purposes, but 
they delay and render more difficult the estimation of the average intra- 
ocular. pressure which is more generally required. For this reason 
experiments are now being directed to slowing the response of the 
instrument by filling the chamber with a viscous oil, and to the maintenance 
at the same time of an adequate brightness in the reflected images. 


SENSITIVITY.—Ignoring the effects of corneal rigidity the curvature of 
the interface (K) is readily shown to be connected with the pressures and 
radii of curvature corresponding to the tonometer (p, and r,) and to the 
eye (p. and r.) by the formula: 

P: — Pe 
ee 
rr Pt + Ve De 
Hence the sensitivity is given by: 
dK l 
—' = ~——————__ at the correct setting p; = pe. 
dpe (m+ 7 *) Pe 

The sensitivity is therefore reduced inversely with r, when this is large 
compared with r., and maximum sensitivity is obtained by softening the 
membrane by gentle heat before use so that it is readily given a high 
curvature by a low pressure; it will remain sufficiently soft for several 
hours after once being warmed. With r;~r, a change of 2 per cent. 
in the pressure from equality should result in the formation of a mirror 
of curvature of just over one dioptre, which should be readily distinguish- 
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able from a plane surface. In eyes of experimental animals where the 
anterior chamber is in sufficiently free connection with a manometer to 
abolish variations of pulse and reSpiration, differences of pressure of 
this order can be distinguished in practice. 


ABSOLUTE ACCURACY.—In such cannulated eyes in experimentai animals 
the influence of the rigidity of the cornea can be assessed, particularly at 
low pressures where the sensitivity is high, in terms of absolute pressure 
differences. The tonometer in the case of the cat’s eye is found to give a 
reading 1.5 cm. water too high, and in that of the rabbit 1 cm. too high. 
These differences appear to be constant at different pressures and at the 
highest tested, 60 mm. Hg, the tonometric and manometric pressures 
agree within the limits of error. The thickness of the human cornea is 
intermediate between that of the cat and rabbit, and it is reasonable to 
suppose that the error it causes is also intermediate, that is, about 1 mm. Hg. 

The influence of the distensibility of the globe can be estimated by using 
the nomograms given in Friedenwald’s papers; the “ rigidity coefficient ” 
may be taken to vary between the extremes of 0.03 and 0.01, his results 
suggesting that these represent the range for normal eyes. With this 
tonometer giving a reading of 30 mm. Hg, the true range of intra-ocular 
pressure would be 27 to 29 mm. Hg, and if the diameter of contact is 
brought down to 3 mm. the error is negligible. By comparison, the 
Schiotz tonometer, with a weight of 10 g. and a scale reading of 10, would 
represent a true range of intra-ocular pressure of 18 to 34 mm. Hg, and 
the Fick-Livschitz aplanation tonometer, with the standard contact 
diameter of 6.8 mm. and reading 30 mm. Hg, a true range of 12 to 22 mm. 
Hg. In addition, according to Friedenwald, aplanatic instruments of this 
type show a systematic error of about 10 mm. Hg. 


SUMMARY 


(1) A description is given of a tonometer operating on the principle 
that a plane surface will be established between the cornea and an 
inflated membrane pressed against it when the pressure inside the 
membrane is equal to the intra-ocular pressure. 

(2) It has the major advantages of giving absolute readings to 
within an accuracy of 1 mm. Hg, and of having a sensitivity of about 
2 per cent. of the intra-ocular pressure. 

(3) It has the disadvantage of a fast reaction time so that pulse and 
respiratory changes in the intra-ocular pressure delay the determina- 
tion of its mean value. 

My thanks are due to the Goodyear Tyre-and Rubber Co. (Great Britain) Ltd. of 
Wolverhampton, and to National Adhesives, Ltd. of Slough, for supplying me with 


samples of “ Pliofilm ” and adhesive respectively, and to Mr. C. Purvis for constructing 
the apparatus. ; 
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CORRESPONDENCE 


AUREOMYCIN IN TRACHOMA 


To the Editorial Committee of the 
BRITISH JOURNAL OF OPHTHALMOLOGY 


Dear Sirs—I think the paper published by A. J. Boase in the 
October, 1950, issue of the British Journal of Ophthalmology, 
regarding the treatment of trachoma by means of aureomycin, might 
give unwarranted hopes to those practising in heavily infected areas 
like ours. Boase has completely disregarded the secondary bacterial 
infection which is always the cause of severe clinical signs in trachoma. 
This secondary bacterial infection responds magically to the proper 
antibiotic or sulpha drugs whether locally or generally given. Our 
experience in this country, following the same steps as Dr. Boase’s, 
is that aureomycin, locally or generally, is an effective antibiotic 
against secondary infection in trachoma, but not against the 
trachomatous virus. All our cases were controlled by Gram-stained 
smears from the conjunctiva for bacterial invasion, along with 
Giemsa-stained scrapes for inclusion bodies. 


Yours faithfully, 


IBRAHIM AHMED MOHAMED 


MEMORIAL OPHTHALMIC LABORATORY, Assistant Director, Memorial Ophthalmic 
Giza, Cairo, EGcypt. January 27, 1951. Laboratory, Giza, Egypt. 


CONTACT LENS IN UNILATERAL APHAKIA 


To the Editorial Committee of the 
BRITISH JOURNAL OF OPHTHALMOLOGY 


DeaR Sirs—I read Mr. Hirtenstein’s article on contact lens in 
unilateral aphakia with great interest, because most of my cases of 
traumatic cataract were fitted with contact lenses. 

Of over twenty cases corrected in this way during the last seven 
years, more than half are using their lens. They are, in particular, 
the young and middle-aged patients, whereas the older ones found 
the lens too difficult to get used to. 

Among my series are five children aged between seven and thirteen. 


Yours faithfully, 


25, HIGH PETERGATE, 
J. A. MAGNUS 


York. January 29, 1951. 





BOOK REVIEWS 


La Vision Nocturne et ses Troubles. By G. E. JAYLE and A. G. OuRGAuD (with the 
collaboration of P.-H. Benoit, G. Buet, and P.-V. BERARD). 1950. Masson, 
Paris. Pp. 864, 455 figs. (Fr. 3,400). 

Most review articles and monographs, however comprehensive, are almost 
unreadable because they are only compilations of the literature with no form or thesis 
to carry the reader along. In addition, one often finds entirely incompatible theories 
or results presented in adjacent paragraphs (or even sentences) with no indication 
whether one is more acceptable to the experts than the other. 

“* La vision nocturne et ses troubles,”” which was originally prepared as a report for 
discussion by the Société Frangaise d’Ophtalmologie, does not suffer from these faults in 
spite of its immense scope (it is hardly possible to think of a book or paper concerned, 
even indirectly, with normal or abnormal dark-adaptation and night vision which has 
not been included). This is certainly no mere collection of the relevant literature. Where 
results or theories are in conflict, the authors usually make a satisfactory attempt to 
guide the reader in choosing between them, and there is an excellent critical 
discussion of current theories about the mechanism of dark-adaptation. 

It is almost impossible to overpraise this excellent book. Not only is it of first- 
rate quality but it is entirely up to date, several papers published as late as 1950 


being included. The necessary background of the structure, function, and centra] 
connections of the retina is well covered before dark-adaptation and night vision, 
with the factors affecting them, are discussed. 

One of the most valuable sections of the book comprises Chapters VII and 
VIII. The former gives an almost comprehensive list of the numerous types of 
adaptometer, both in use and described in the literature. In addition, there is 
a full description of how each works, what it actually measures (absolute threshold, 


difference threshold, resolving power, etc.), and what information it can be expected 
to give. Chapter VIII deals with the different techniques of investigation and 


methods of presenting results. To anyone trying to find his way through the jungle 
of dark-adaptation literature, or to compare the results of different workers, this 


chapter will be invaluable. 
However, it is not only those concerned with dark-adaptation and its disorders who 


are deeply indebted to the authors of this splendid volume. Those interested in retinal 
physiology as a whole will also find much that is valuable and important. 


Physiology of the Eye. By F. H. ADLER. 1950. Henry Kimpton, London. Pp. 709, 
319 illus., 2 col. (84s.). 
Those who were acquainted with Adler’s ** Clinical Physiology of the Eye ’’ which 


appeared twenty years ago will be glad to welcome its successor. It is a tribute to the 
virility of ocular physiology that the author has found that an entirely new book 
rather than a second edition of the old is required, for not only has much in basic 
Physiology changed, but many of the applications of these problems to the eye have 
taken on new aspects-—the dynamics of the intra-ocular fluids, the photo-chemistry of 
vision, and the electro-physiology of the visual impulse, to mention three examples. 
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The eyelids, lacrimal apparatus, cornea, aqueous humour, intra-ocular pressure, the 
iris, accommodation, the ocular circulation, and the lens and vitreous each occupy a 
chapter. In the discussion of the metabolism of the cornea and the interpretation of 
the hydro-dynamics of the intra-ocular fluid, the researches of E. V. Kinsey form the 
basis of the argument. The mobility of the eyes is discussed in a chapter of 142 pages. 
The remainder of the book deals with the physiology of vision, starting from the nature 
of light, tracing the photo-chemical and electrical events in the retina, describing the 
visual pathways, and discussing the physiological and psychological aspects. The 
Clinical applications of physiology are stressed throughout to ensure that the clinician 
is able to base a rational treatment of disease upon an adequate understanding of 
normal metabolic function. Our knowledge of ocular physiology is still so incomplete 
as to render this an impossible ideal, but the present volume, comprehensive in 
scope and pleasantly written, will do much to elucidate the practical problems of 


ophthalmic medicine. 


Binocular Vision. By KENNETH N. OGLE. 1950, W. B, Saunders Co., Philadelphia 
and London. Pp. 345, 182 figs. (37s. 6d.). 

Ogle’s work at Dartmouth in association with Amés on aniseikonia is well known, and 
he is generally regarded as the critical scientist who elaborated the original ideas of 
his brilliant colleague and subjected them to mathematical analysis. That the study 
of aniseikonia should have stimulated our ideas on binocular vision is readily under- 
standable, but much of the work which emerged from the Institute at Dartmouth has 
been published in different and unrelated journals. The present volume assembles 
this valuable material, and to those already available in the literature the author has 
added much unpublished data, and has reached conclusions some of which are original. 
The first part of the book deals with the sensorial organization of the retina and the 
physiological co-ordination of the two retinae. The theory of corresponding retinal 
points is discussed and a full and interesting study made of the empirical longitudinal 
horopter and monocular asymmetries. The second part is largely occupied by the 
perceptual processes involved in fusion, both in reference to central and peripheral 
vision; cyclofusional movements are discussed in detail, and much original work on 
fixation disparity is described. The remainder is largely occupied in the problems 
presented by the author’s work on aniseikonia. The results of altering the relative 
magnification of the images of the two eyes are fully described with much experimental 
detail, its effect on the interpretation of spatial judgements is discussed as well as the 
influence of the anomalous condition of aniseikonia. The book is an excellent 
presentation of a difficult subject, and to do justice to the argument the reader must 
not be afraid of mathematical formulation. 


Manuel d’Ophtalmologie. By P. BAILLIART and A. MaGitot. 1950. G. Doin, and 
Masson, Paris. Pp. 1168, 602 figs. (Fr. 5,600; 118s.). 

This text-book is intended by the authors for students and the newly-qualified who 
desire to gain the first ideas about ophthalmology; it can only be said that they have 
treated their intended public liberally. They plead that, although thirty years ago a 
volume of 300 pages would have sufficed, scientific progress has been such as to demand 
a treatise four times that size. 

The manual gives the impression of careful and studied preparation, such as one 
would expect. There are four main divisions: Generalitities, Affections of the Globe 
and Adnexa, Surgical Technique, and Refraction. An appendix deals briefly with 
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industrial, social, and service ophthalmological matters. There is an excellent index, 
and an analytical table of contents. Methods and techniques of examination are well 
described, The diagrams and drawings are good, but some of the photographic 
reproductions are less satisfactory. The volume does not include separate sections 
upon anatomy and physiology. 

This is an up-to-date text-book of ophthalmology which will serve a most valuable 
purpose. 













Reviewed in Ophthalmic Literature 


L’Année Thérapeutique en Ophtalmologie. Tome 1. Edited E.-E. JaAyLeE and 
A. Dusols-PouLsen. 1950. Expansion Scientifique. Pp. 104, (Fr. 1,600). 
This is an interesting newcomer into ophthalmic literature, published under the 

direction of Jayle and Dubois-Poulsen. It is intended to issue a volume each year 
dealing with the more important aspects of ocular therapeutics. 

The first volume (for 1950) which has now appeared deals with goniotomy, the 
treatment of syphilis, chemotherapy in ocular tuberculosis, the treatment of venous 
thrombosis of the retina, epidemic kerato-conjunctivitis, oedema of the optic nerve, 
tissue therapy, radio-therapy, post-operative haemorrhages, herpes zoster, acute 
iridocyclitis, eczema of the lids, perilimbal grafts, the surgical treatment of keratitis, 
penicillin, short-wave therapy, corneal herpes, gonococcal conjunctivitis, perforating 
injuries of the globe, ocular allergies, trachomatous pannus, scleritis, and the value of 
the vitamin B group in ophthalmology. All these sections will be abstracted in 
Ophthalmic Literature . 


































Le Glaucome Congénital. By J. KLuysKENs. 1950. Report presented to the Société 
Belge Ophtalmologique. Imprimerie Médicale et Scientifique, Bruxelles. Pp. 243, 
71 figs. 









NOTES 


Mr. A. H. Levy began to serve on the Executive Committee of this 
Journal in 1926. He now finds it necessary to resign from the Editorial 
Committee, the other members of which have written to thank him for 
his devoted services to the Journal through the last quarter of a century. 
} Readers all over the world will assuredly remember his services with 
gratitude. For many years Mr. Levy was also the Business Manager of 
: the Journal and in that capacity kept a close watch on the subscribers’ 

interests. The business management of the Journal was taken over by 
the British Medical Association from the beginning of 1950 but there was 
still a considerable amount of work to be done in winding up the affairs 
| of the company. Now that this aspect of the work is virtually complete 




















Mr. Levy wishes to be relieved from active participation in the affairs of 
the Journal, but readers will wish him success in his numerous other 
activities. : 








Mr. D. AINSLIE has been appointed Assistant Ophthalmic Surgeon at 
the Middlesex Hospital, London, W.1. 

Miss Mary Savory has been appointed Assistant Surgeon at the 
Royal Eye Hospital (King’s College Hospital Group), London, S.E.1. 















OPHTHALMOLOGICAL SOCIETY OF THE 
UNITED KINGDOM 
President: M..H. Whiting, O.B.E., M.B., F.R.C.S. 


THE Annual Congress, 1951, will be held at the Royal Society of 


Medicine, 1, Wimpole Street, London, W.1, on March 29, 30, and 31, 
1951. The main discussion will be on “The Association of Ocular and 


Articular Disease.” The Bowman Lecture will be given by Sir Henry 
Dale, O.M., F.R.S., on March 29, at 5 p.m., the subject being ‘‘ The Eye 


as a Physiological Reagent.” A series of films will be shown on the 
evening of Friday, March 30. 

The Annual Dinner of the Society will be held at the Dorchester Hotel, 
Park Lane, London, W.1, on Thursday, March 29, at 7.30 p.m. 

The Annual General Meeting of the Faculty of Ophthalmologists will 
be held at 2.30 p.m. on Wednesday, March 28, at the Royal College of 
Surgeons, Lincoln’s Inn Fields, London, W.C.2. 

A Trade Exhibition will be held in the Cowdray Hall, London, W.1. 


Full details may be obtained from the Hon. Secretary, 45, Lincoln’s 
Inn Fields, London, W.C.2. 


UNIVERSITY OF GLASGOW 
Department of Ophthalmology 


DurinG April, 1951, a series of meetings will be held on Wednesdays at 
8 p.m. A discussion will follow the main paper. 

April 4. Dr. T. A. S. Boyp.—‘* Ascorbic Acid and Corneal Lesions’”’. 

April 11. Dr. K. C. Wysar.—“‘ Nature of Exophthalmos”’. 

April 18. Dr. A. Linpsay.— Anomalies of the Optic Disk”’. 

April 25. Prof, W. J. B. RippeLt.—‘‘ Emotions and Eye Disease’”’. 


TRAVELLING AWARDS IN OPHTHALMOLOGY 
AND OTOLOGY, 1951-52 


THE Medical Research Council invite applications for travelling 
awards for the academic year 1951-52 to be provided from the 
Alexander Pigott Wernher Memorial Trust, in accordance with a 
scheme approved by the Trustees. Under the terms of the bequest, 
the funds are to be applied “‘ towards the prevention and cure of 
blindness and deafness in the United Kingdom and British Empire, 
and in particular research in connection therewith by financing 
medical men and students within the Empire to study methods and 
practices in all countries of the world ”’. 

These awards are intended for suitably qualified medical graduates 
with some previous experience of research work in ophthalmology 
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or otology; in general, fellowships will be made for periods of up 
to a year for specific research purposes, but grants may also be 
given for short-term visits abroad to study particular methods of 
investigation and treatment in these fields. Fellowships will as a 
rule provide for appropriate maintenance allowance and travelling 
expenses, whereas grants for short-term visits (up to 3 months) will 
ordinarily cover travelling expenses only. 

Forms of application for these awards may be obtained from the , 
Secretary, Medical Research Council, 38, Old Queen Street, London, . 
S.W.1., with whom applications must be lodged by May /, 195]. 


February, 1951. 


OBITUARY 


MARY EMMELINE MASON 


Dr. Mary Mason (née Joll) died suddenly in Cockermouth, Cumberland, 
on January 10, at the age of 58. After studying at the London School of 
Medicine for Women and qualifying in 1915, she held posts of house 
surgeon and house physician at the Royal Free Hospital, London, and 
was later appointed chief clinical assistant and senior house surgeon at 
Moorfields Eye Hospital, being the first woman to hold this latter post. 

As a well-known ophthalmologist in North-West England, she had a 
large consulting practice and also did much work among school-children. 
In her, ophthalmology has lost a highly competent surgeon. Remote from 
the main centres of activity she applied her knowledge and skill in the 
limited area in which she was working, and her warm human personality 
gave her contacts with her patients that are not readily established in the 
busy centres. These contacts she employed fully in her scientific 
investigations. She brought a single-minded devotion to whatever task 
was at hand, whether it was a routine refraction, a difficult operation, or a 
complicated investigation. 

Her many artistic talents are illustrated in the ophthalmological 
paintings which have appeared in this Journal (33, 67). One of her chief 
interests was chamber music, and as a violinist she made a welcome 
contribution to muscial activities throughout the county. She also did 
much public work and was a Justice of the Peace. 

Her friends mourn the passing of a delightful colleague, and the kindly 
advice given in so many fields will be much missed by her numerous 
friends and patients. Her husband, Dr. Charles A. Mason, whom she 
married in 1922, and their daughter, survive her. 
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COMMUNICATIONS 


RETINAL MICRO-ANEURYSMS IN THE 
NON-DIABETIC SUBJECT* 


BY 


NORMAN ASHTON 
Department of Pathology, Institute of Ophthalmology, London 


THE present theories of the histogenesis of retinal micro-aneurysms 
are largely based upon the association of these lesions with the 
diabetic state and, in investigating the validity of these arguments, it 
is clear that it is first essential to know whether micro-aneurysms are 
in fact confined to this disease, and, if not, in what other conditions 
they may be found. 


The pioneer work of Ballantyne and Loewenstein (1943) had led 
us to believe that such lesions were only rarely to be found apart 
from diabetes, and this opinion was supported by Friedenwald (1948), 
who stated that they were occasionally to be seen in cases of retinal 
vascular disease in non-diabetics, but that these were quite rare, and 
that not more than two or three of them were to be found in a whole 
retina. More recently Friedenwald (1950) has investigated 76 
diabetic retinae and a “‘ somewhat larger number ” of non-diabetic 
cases. In the latter group he succeeded in finding only one case in 
which there was an “ appreciable number ” of capillary aneurysms. 
_ He examined thirteen cases of hypertensive retinopathy, of which 
_ three showed one or two isolated capillary aneurysms, apparently 

- felated to some localized tissue injury. No capillary aneurysms were 

- seen in the retinae of elderly arteriosclerotics without diabetes, 

_ whether retinitis was present or not, and Friedenwald concluded that 

_ the capillary aneurysm is not a manifestation of arteriosclerosis, 

- malignant hypertension, or arteriolar hyaline degeneration. 

In the course of our studies in diabetic retinopathy at this 
_ Institute, some reports upon which have already been published 

- (Ashton, 1949; 1950a, b, c), it was decided some 18 months ago to 


_ examine a large number of non-diabetic retinae for evidence of 


micro-aneurysms. A paper was read at the XVI International 
Congress of Ophthalmology in which some of the findings were 


' incorporated ; since then more cases have been investigated, and it 


is now possible to present a more complete report. 


* Received for publication December 22, 1950. 
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METHODS 


The investigation involved the examination of 336 eyes and is divided 
into two parts: 

(1) Eves REMOVED AT OPERATION.—In this group 162 eyes were examined. After 
removal, each eye was immediately placed in a vacuum flask containing carbon dioxide 
snow and sent direct to the laboratory. In 135 cases the retinae were removed and 
stained by the PAS (McManus) technique; the remaining 27 were examined by the 
injection method, reported in a previous publication (Ashton, 1950). 


(2) Eves ReMoveD POST MORTEM.—In this group 174 eyes taken from 88 un- 
selected cadavers of non-diabetic persons were examined by the injection method, and 
the clinical histories were consulted only after the results had been recorded. 


In diabetes there is a close association between Kimmelstiel-Wilson’s 
disease and retinopathy, and aneurysmal dilatations may be seen in both 
the retinal capillaries and the glomerular tufts. A piece of kidney was 
therefore taken from each cadaver to ascertain whether non-diabetic 
retinal micro-aneurysms were similarly associated with such changes in 
the glomeruli. 


As will be seen from the following analysis of the results, the staining 
method, though frequently giving perfect differentiation, is, at least 
in our hands, an unreliable method, especially in pathological material 
where the presence of an adherent vitreous, frequently containing exudate 
which stains intensely, obscures the finer vessels. It is not intended to 
underestimate the value of the PAS staining method for it is unsurpassed 
for studying microscopical changes in the vessel walls, but, in our 
experience, the injection technique is superior in the search for and 
location of micro-aneurysms and other vascular irregularities in the 
whole retina. The injection method has the added advantage that red 
pigment can be injected into the artery and black into the vein so that 
the two vessels can be more easily differentiated: no shrinkage occurs as 
in the staining technique and the whole retinal vascular structure can be 
seen with remarkable clarity. The question arises, however, whether it 
is possible to produce aneurysms artificially by forcing injection fluids 
into the delicate retinal vessels. This point has been fully investigated by 
using old and degenerate eyes, by utilizing high pressures, and by 
comparing the uninjected with the injected eye. We are satisfied that it 
is not possible to produce aneurysms as an artefact by the injection method. 


RESULTS 
(1) Eyes REMOVED AT OPERATION 
Cases Examined by Staining Methods 





| 
Number of Cases Vessels not Visible No MAs* | MAs Present 











| 


135 67 49 | 18 





* MAs denotes micro-aneurysms. 
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Thus by the staining method the capillaries were not sufficiently 
well differentiated for the exclusion of aneurysm formation in about 
50 per cent. of the ¢ases. Of the 67 cases in which adequate 
examination was possible, eighteen (26.8 per cent.) showed micro- 
aneurysms. The findings are set out in detail in Table I. 


TABLE | 


EYES REMOVED AT OPERATION EXAMINED BY STAINING 





Case No. 


Age 


B.P. 


MAs 


Histological Diagnosis 





One or two 


Chronic glaucorfia 





A few 


Thrombotic glaucoma 





A few 


Thrombotic glaucoma 





One or two 


Chronic uveitis 
Secondary glaucoma 





+++ 


Thrombotic glaucoma 





One or two 


Chronic uveitis 
Secondary glaucoma 








+ 


Chronic uveitis 
Secondary glaucoma 





One or two 


Thrombotic glaucoma 





+ 


Thrombotic glaucoma 








Thrombotic glaucoma 





Chronic uveitis 
Secondary glaucoma 
(Trephine operation) 





One or two 


Chronic uveitis 
Secondary glaucoma 





Chronic uveitis 
Secondary glaucoma 








Chronic uveitis 
Secondary glaucoma 





124/74 





One or two 


Injury 
Chronic uveitis 
Secondary glaucoma 











Thrombotic glaucoma 





Cataract extraction 


| Sympathetic ophthalmia 








| Thrombotic glaucoma 
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Cases Examined by the Injection Method 








Number of Cases Vessels not Visible No M&As | MAs Present 








12 





27 | 5 | 10 _ 





Thus by the injection method only 18.5 per cent. were unsatisfactory, 
and when it is remembered that some of these eyes were completely 


disorganized with total retinal detachment and atrophia bulbi it 
will be realized that the injection technique, when searching for 


vascular ifregularities, is far superior to the staining method. Of the 
22 cases in which adequate examination was possible, twelve 
(54.5 per cent.) showed micro-aneurysms, The findings are set out 
in detail in Table II. 


TABLE II 
EYES REMOVED AT OPERATION EXAMINED BY INJECTION 





| 
Case No. | Age | BP. | MAs 






































Histological Diagnosis 
| | | | 
1 | 56 260/130 | ++ | Thrombotic glaucoma 
2 64 110/70 | One or two Chronic uveitis 
| Detached retina 
3 68 | 140/70 | A few Chronic uveitis 
Secondary glaucoma 
4 62 | — +++ Thrombotic glaucoma 
5 | 72 180/90 | + Choroidal melanoma _in- 
| volving the disk 
6 67 ‘190/100 | +++ Chronic glaucoma 
i } 
7 14 | ac One or two | Coats’ disease 
Pact ee ae | + | Old perforating wound 
Chronic uveitis 
aes gee 130/80 | +++ | Old perforating wound 
| | | Secondary. glaucoma 
ee ps ee eee +4 Retinoblastoma 
| Gn tumour only) 
} | Fr 
Ce ee be ee, 1) + | Perforating corneal wound 
Chronic uveitis 
Secondary glaucoma 





| Perforating corneal wound 
Chronic uveitis 

















a 2 i ee | ae ee Be ok ee ee en 
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Tables I and II taken together show the following percentage of 
































positive results: 

Cases examined 162. 

Vessels satisfactorily seen 89. 

Micro-aneurysms present 30 (33 .7 per cent.). 

Disease | Number Percentage 

Thrombotic glaucoma es 10 33.3 
Chronic uveitis ace ait | | 
Secondary glaucoma os 10 33.3 
Perforating injury aa 
Uveitis. Glaucoma... ae 4 13.3 
Chronic glaucoma ... we 2 | 6.6 
Perforating injury ‘ie ah | | 
Sympathetic ophthalmia ... ae 1 3.3 
Coats’ disease fe | I 3.3 
Choroidal melanoma as | 1 | 3.3 
Retinoblastoma | 1 | 3.3 





In each of the above cases the clinicians in charge confirmed the 
absence of diabetes and reported that no micro-aneurysms were to 
be seen in the fundus of the remaining eye. Case 9 (Table II) was 
of particular interest and will be described separately. 


Case 9 (Table II).—Male aged 40 years (patient of Mr. A. G. Leigh), sustained a 
perforating injury of the right cornea in 1933 following an explosion in a chemical 
laboratory. Seventeen years later there was bare perception of light in this eye with 
posterior synechiae and raised tension, and it was enucleated for cosmetic reasons. 
Apart from the eye the patient was in perfect health; his blood pressure was 130/80 


and the urine was free from sugar and albumen. The injected retina showed a large 
number of micro-aneurysms scattered throughout the fundus, arising from the venous 


side of the capillary network and from the veins themselves; they were predominantly 
of the beaded type but many were indistinguishable from the unilateral kind seen in 


diabetic retinopathy (Figs 1 and 2), The histological diagnosis was perforating 


corneal wound with band-shaped opacity, traumatic cataract, and secondary glaucoma. 


(2) Eves ReMoveD Post MoRTEM 
All Retinae Investigated by the Injection Method. 








\ 
Number of Cases | Unsatisfactory | No MAs MAs Present 
| 


3 | 56 | 29 


88 (176 eyes) | 
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f s : 


Fic. 1.—Case 9 (Table II), injected retina from a male aged 40, who 
sustained a perforating injury of the cornea 17 years before enucleation. 
Multiple micro-aneurysms may be seen on venous side of capillary network. 
They are predominantly of the beaded variety. Unstained. x 42 


Fic. 2.—Case 9 (Table II), same retina as in Fig. 1, showing involvement 
of venules as well as capillaries. Note that micro-aneurysms do not arise: 
predominantly at capillary bifurcations. Unstained. x 42 





fe & eae . See eo ek. A 
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Thus of the 85 successful cases, 29 (34.1 per cent.) showed micro- 
aneurysms; the findings are set out in detail in Table III (pp. 196-8). 
Unfortunately ante-mortem ophthalmological reports were avail- 


able in only a few of these 29 cases. Obviously nothing can now 
be done to replace this deficiency in our data, but in order to analyse 


the findings, the cases have been arbitrarily divided into two groups: 
(1) Where gross fundus changes were likely to have been apparent during life, 
(2) Where no gross fundus changes were likely to have been apparent during life. 


Group I.—Six cases (13, 25, 29, 60, 83, 87) fell into this group. 


Cases 13 and 25 were examples of venous thrombosis and chronic 
uveitis respectively, and since we have already demonstrated the 


association of these conditions with aneurysm formation they will 
not be further discussed. Case 29 was one of hypertension with 


polycystic disease of the kidneys, the fundus picture very closely 
resembled diabetic retinopathy, but since the urine was reported 


green to Benedict’s reagent, this case must be rejected from the 
analysis. The remainder (60, 83, and 87) were all cases of malignant 
hypertension and showed features of particular interest which will be 
discussed separately. 


Case 60.—Male aged 60 years, first seen in June, 1950, by Dr. A. L. Jacob, who 
kindly provided the clinical history. His first complaint was of defective vision about 
two months previously, but he had apparently been dyspnoeic for a considerable time. 
On examination he was extremely ill and mentally confused, and a full history could 
not be obtained. He was found to be suffering from severe heart failure and was 
admitted to hospital the same day. The blood pressure at that time was 180/120 and 
the fundus showed severe hypertensive retinopathy. The urine was examined on 
several occasions; there was heavy albuminuria but no sugar. The blood urea was 
400 mg./100 ml. He died 5 days after admission and it was subsequently found that 
he had attended Moorfield’s Hospital, under Mr. Doggart, in the previous February. 
The fundus reports at that time show that both disks were swollen, there were 
haemorrhages and exudates with gross spasm of the arteries. His blood pressure 
was 240/150 and a diagnosis of malignant hypertension was made. 


Kidneys.—Sections showed polycystic disease, severe arterio-sclerosis, glomerular 
hyalinization, and fibrinoid necrosis in a few of the afferent arterioles. The picture 
“en that of malignant hypertension superimposed upon a polycystic disease of the 

idneys. 


Retinae.—Both retinae were injected with red in the arteries and black in the veins; 
they showed haemorrhages, superficial white fluffy exudates and deep punctate 
exudates. There were vascular irregularities and multiple micro-aneurysms, apparently 
confined to the venous side of the capillary network and situated mainly in the posterior 
polar region. The right retina was stained with Scharlach red and mounted fiat. 
The left retina was sectioned in carbowax and stained with Scharlach red, haematoxylin, 
and PAS (McManus). The preparations showed that the superficial exudates 
contained conglomerations of cytoid bodies. The deep exudates, situated in the 
outer molecular layer, stained positively with PAS and contained considerable 
quantities of fat, both free in the exudate and within macrophages. Fat-containing 
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TABLE Ill 
EYES REMOVED POST MORTEM EXAMINED BY STAINING 
Case 
No. | Sex| Age) 4%.P. Injected Retina Cause of Death 
13. | F | 68 | 220/80 | Right: MAs +++, Carcinoma of ovary 
localized to one vein ndary carcinoma of 
? old thrombosis pleura and pericardium 
Hypertension 
19 | M| 74 | 150/90 | Left only Malignant hepatoma 
One or two large peripheral MAs | Bronchopneumonia 
20 | M| 65 | 130/78 | A few peripheral MAs seen in | Perforated gastric ulcer 
both retinae Peritonitis 
25 | M} 54/ 120/80 | Right only Chronic bronchitis 
Retinal detachment Suppurative mediastinal 
Retinitis proliferans adenitis 
Scattered MAs + (bilateral 
uveitis) 
29 | M |! 66 | 180/120| Right: multiple MAs + Gangrene of right leg 
Loop formation. Intra-retinal | Chronic bronchitis 
new vessels Polycystic disease of 
Pathologically closely resembles kidneys 
diabetic retinopathy 
36 | F | 52 130/80 | A few MAs in both retinae, | Congestive heart failure 
mainly peripherally situated Auricular fibrillation 
38 F | 59 | 120/90 | Left: MAs + in one section only | Acute bronchitis 
Right: normal Chronic asthma 
40 | F | 79 | 140/30 | Both retinae showed MAs + | Renal insufficiency 
scattered throughout the retinae | Bilateral pyonephrosis 
particularly peripherally Cardiovascular 
degeneration 
42 | M|} 71 | 135/90 | One or two small peripheral MAs| Cerebral thrombosis 
in both retinae Purulent bronchitis 
43 | M| 67! 120/70 | Both retinae show MAs_ + | Bronchiectasis 
scattered throughout the fundi, | Purulent bronchitis 
particularly peripherally 
46 | M| 52 | 90/70 Left: scattered small MAs Carcinoma of bronchus 
Right: MAs + on the temporal | Chronic bronchitis 
side peripherally Congestive heart failure 
48 | M| 69 | 135/80 | Right: 3 small MAs seen peri- | Perforation of oeso- 
pherally : phagus. Transthoracic 
Left: normal operation for gastric 
carcinoma 
50 | M | 42 | 120/60 | Both retinae show loop forma- | Bronchopneumonia 
tion and a few scattered MAs | Extra-renal uraemia 
Pyloric ulcer 
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No. 


Age 


B.P. 


Injected Retina 


Cause of Death 





51 


72 


Right: one MA seen peripherally 
Left: normal 


Carcinoma of bronchus 

Mediastinal secondaries 

Thrombosis of jugular 
vein 





52 


165/35 


Right: beading and fusiform 
MAs on temporal side peri- 
pherally 
Left: infero-temporal region— 
one or two MAs seen peri- 
pherally 


Acute bronchitis 
Aortic regurgitation 
Cardiac failure 
Pulmonary T.B. 





54 


27 


100/? 


Both retinae show one or two 
peripheral MAs 


Haematemesis 
Peptic ulcer 
Patent I.V. septum 





56 


62 


150/120 


Right: beading only 
Left: beading and one or two 
peripheral MAs 


Bilateral pulmonary 
tuberculosis 





59 


65 


180/30 


Right: one or two scattered MAs 
situated peripherally on the 
nasal side 


Thoraco-abdominal 
gastrectomy 
Empyema 





180/120 


Both retinae show haemor- 
rhages, exudates and multiple 
MAs 

(Reported in detail below) 


Cardiac failure 

Hypertension 

Polycystic disease of 
kidneys 





62 


69 


190/180 


Right: in the equatorial zone 
there are several scattered MAs 
indistinguishable from the dia- 
betic type. Beading and looping 
may be seen. Irregularities con- 
fined to the venous side 

Left: similar changes but less 
marked 


Cerebral thrombosis 
Hypertension 








70 


260/110 


Right: situated in the posterior 
fundus on ‘the nasal side there 
is a collection of MAs with 
beading on the venous side 

Left: One large MA seen on the 
arterial side near the disk. 
Some looping present 


Thrombosis of aorta 

Cardiovascular 
degeneration 

Paget’s disease 





69 


75 


120/80 


Right: one or two scattered ? 
MAs and varicose loops 


Carcinoma of prostate. 
Cardiovascular 
degeneration 





72 








73 





185/80 





Right: about 25 peripheral MAs 


seen 
Left: few scattered MAs seen 
peripherally 





Carcinoma of breast 
Secondary carcinoma- 
tosis 
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B.P. 


Injected Retina 


Cause of Death 





230/140 


one or two scattered 


Left : 
MAs 


Cerebral haemorrhage 
Hypertension 
Coronary thrombosis 








110/70 


One or two scattered MAs and 
varicose looping in both retinae 


Chronic bronchitis 
Cardiac failure 








128/80 


One or two peripheral MAs seen 
in both retinae. A small group 
of MAs at the equator in the 
right eye 


Coronary occlusion 








220/120 


Both retinae show marked papil- 
loedema and at the disk there is 
varicose looping and coil form- 
ation 

(Reported in detail below) 


Malignant hypertension 
Cerebral haemorrhage 
Bronchopneumonia 








Left: one or two MAs in pos- 
terior polar region. At the 
periphery on the nasal side there 
is a number of MAs, both of 


Chronic rheumatoid 
arthritis 

Amyloidosis 

Renal insufficiency 


| the diabetic and non-diabetic 
| type—exudate surrounds some 
| of them 
| Right eye sectioned—no evidence 
| of amyloid deposits 
260/170 | Both retinae showed varicose 
looping and coiling of capil- 
laries at the papilloedematous 
disk. MAs present 
| (Reported in detail below) 








Malignant hypertension 
Uraemia 














macrophages could also be seen in the inner layers of the retina around the capillaries, 
from which the fat appeared to be arising (Fig. 3). The micro-aneurysms were exactly 
similar to those seén in diabetes showing thickening of their walls with fat-containing 


exudate. 


Case 83.—Male aged 57 years, was well until 4 months before admission to hospital 
in October, 1950, when he complained of dizziness and “ falling down”. On 
admission he was mentally confused and incontinent of urine and faeces. The blood 
pressure was 220/120, the uriue was free. of albumen and sugar and the blood urea 
was 30 mg./100 ml. The fundi showed “ narrowing of the arteries and exudates ” 
(House Physician’s report). He died 10 days after admission and the post-mortem 
diagnosis was malignant hypertension, cerebral haemorrhage and bronchopneumonia. 

Kidneys.—Sections showed nephro-sclerosis. There was no evidence of arteriolo- 
necrosis and one may conclude that the malignant phase of the hypertension was still 
in its early stages. 

Retinae.—Both retinae were injected with red in the arteries and black in the veins. 
The appearance of the flat preparations was remarkable. In both specimens there 
was marked papilloedema with a striking degree of varicose looping and corkscrew 





Fic. 3.—Case 60, left retina.. The section shows fat-containing 
macrophages around a capillary vessel in a case of malignant 


hypertensive retinopathy. 
Carbowax section. Scharlach red and haematoxylin. 
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Fic. 4.—Case 83 (Table III, Group 1), malignant hypertension, left retina 
injected with red and black. Marked papilloedema with a striking degree 
of varicose looping and corkscrew coiling of the capillaries and venules 
in peripapillary region. These iaeseeaa are localized and well demarcated. 
Unstained. x 26 


coiling of the capillaries and venules in the peripapillary plexus. The area in which 
these changes were noted was well demarcated (Fig. 4) and corresponded to the 
anatomical distribution of the central plexus described by Michaelson and Campbell 
(1940). The peripapillary changes were most marked in the deepest layers of the 
plexus (Figs 5 and 6, overleaf). In both retinae a few small aneurysms were seen 
immediately below the disk on the venous side of the capillary network. The left retina 
was stained with Scharlach red, and fat globules were seen in close relation to the 
aneurysms (Fig. 7, overleaf). No arterial or arteriolar aneurysms were found. 


Case 87.—Male aged 44 years, a two week’s history of breathlessness and oedema 
of the ankles before the patient was admitted to hospital, where he was found to be 
suffering from malignant hypertension and uraemia. The blood pressure was 260/170, 
the blood urea 280 mg./100 ml., and the urine was reported free of albumen and sugar. 

Fundus.—Bilateral papilloedema and haemorrhages. A left macular haemorrhage 


caused loss of vision. The patient developed pericarditis and bronchitis and died 
6 days after admission. An autopsy confirmed the clinical diagnosis. 


Kidney.—Sections showed a typical malignant nephrosclerosis with severe hyperplastic 
arteriosclerosis and arteriolonecrosis of the vasa afferentia of the glomeruli. 





Fic. 6.— High-power 
view of Fig. 5, capillary 
changes end abruptly 
at margin of the peripa- 
pillary plexus, this dis- 
tribution corresponds 
to area of papilloedema. 


Unstained, x 54 
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Fic. 5.—Case 83 (Table 
(IL, Group 1), inalignant 


hypertension, left 
retina, injected, cleared, 
and mounted in Canada 
balsam. Photograph 
taken from posterior 
aspect of disk shows 
marked engorgement, 
looping, and coiling of 
deep vessels in peripa- 
pillary plexus. Same 
case as Fig. 4. Un- 
stained. x 20 


Retinae.—The right eye was not injected: it was cut open transversely through the 
ora serrata and the fundus examined under the stereoscopic microscope. There was 
marked papilloedema and yellowish white exudates at the macula and in the maculo- 
papillary area. Scattered flame-shaped haemorrhages were seen in the region of the 
disk on the temporal side and equatorially at 5 o’clock and 11 o’clock. The upper 
temporal branch of the retinal artery was sheathed with a number of small white dots. 
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Fic. 7.—Case 83 (Table 
IIL, Group (), malignant 
hypertension, left retina 
showing fatty exudates 


around a capillary 
micro-aneurysm. Two 


Jarge globules of fat 


appear immediately 
above the aneurysm. 


Injected. Scharlach 
red. x 148 


Fluffy white exudates were seen near the disk on the temporal side. A drawing was 
made of the fundus and serial sections were cut of the specimen: half in celloidin and 


half in carbowax, 


Serial Sections of Right Eye (celloidin).—The fluffy exudates were seen to consist of 
aggregations of cytoid bodies. Superficial and deep haemorrhages were seen in the 
retina and there were a few haemorrhages in the choroid. Both the retinal and 
choroidal vessels showed extreme arteriosclerosis and in the choroid some arterioles 
showed arteriolonecrosis, especially those adjacent to the haemorrhages. Extensive 


exudates were seen in the outer molecular layer. Carbowax sections stained with 
Scharlach red showed only a few lipoid granules in scattered macrophage cells, thus 


confirming the view that the oedema fluid in malignant hypertension is at first 
albuminous (Semple, 1911). No lipoids were seen in the cytoid bodies. 

Left Eye.—tinjected with red in the arteries and black in the veins. The fiat 
preparation showed varicose looping, corkscrew coiling (Fig. 8), and scattered micro- 


aneurysm formation in the capillaries around the disk. The appearances were similar 
to those found in Case 83, but the area affected was less well differentiated. There 


was also a group of micro-aneurysms situated equatorially at 2 o’clock; they were of 
the beaded variety and confined to the venous side of the capillaries (Fig. 9). One 
larger aneurysm, surrounded with exudate, was seen on an arteriole (Fig. 10). The 


retina was studded with fine white dots, which were apparently fat-containing 
macrophages (Fig. 11). No peripheral micro-aneurysms were seen. Cytoid bodies 


were present near the disk on the temporal side. 

Group 2.—Of the cases examined, 79 fell into this group and 
micro-aneurysms were found in 23 (29 per cent.), which can be sub- 
divided as follows: 

(a) Aneurysms confined to the peripheral part of the retina, ten cases = 43.5 per 
cent. (19, 20, 36, 42, 48, 51, 52, 54, 56, 72). 

(6) Aneurysms scattered throughout the retina, nine cases = 39.1 per cent. (40, 43 
46, 50, 59, 69, 74, 77, 78). 

(c) Aneurysms confined to the posterior part of the retina, four cases = 17. 4 per 
cent. (38, 62, 64, 84). 





Fic. 9.—Case 87 (Table 
III, Group 1), micro- 
aneurysms in a case of 


malignant hypertension, 
lesions situated on 
venous side of capillary 
network. Injected. Un- 
stained. x 221 
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Fic. 8.—Case 87 (Table 
III, Group 1), malignant 
hypertension. High- 
power view of varicose 
looping and_ coiling 
seen in capillaries in 
region of disk, as shown 
also in Case 83, Fig. 6. 
Injected. Unstained. 


x 221 


Fic. 10.—Case 87 
(Table III, Group 1), 


malignant hypertension, 
left retina showing 


‘large micro-aneurysm, 


surrounded with exu- 
date and situated on 
arterial side of capillary 
network. _Injected. 
Unstained. x 295 
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Fic. 11.—Case 87 (Table III, Group 1), malignant hypertension, left 
retina, injected with Indian ink and mounted flat, unstained. Note 
presence of fat-containing macrophages scattered throughout retina. 
Dark-ground illumination. x 120 
It will thus be seen that in nineteen (24 per cent.) of the 79 post- 
mortem cases, in which no eye disease was suspected and in which 
no gross ophthalmoscopical findings were to be expected in life, 
there were micro-aneurysms in the peripheral part of the retina, and 
in ten of these they were confined to the periphery of the fundus. 
As would be expected in the examination of post-mortem material 
the ages of the patients ranged between 50-80 years; only two cases 
were under 50. In the majority of cases the blood pressure was 
within normal limits. There was no history of diabetes in any of 
the 23 cases and the urine was reported free from sugar. The causes 
of death were so diverse that it is not possible to correlate the post- 
mortem findings with the presence of micro-aneurysms. Early in 
the investigation it was thought that micro-aneurysms might result 
from the prolonged venous engorgement of chronic cardiac or 
pulmonary disease, but the negative cases (not reported in detail here) 
show that aneurysms are as commonly absent as present in these 
conditions. In the majority of cases the micro-aneurysms were 
very small and mostly of the beaded variety and were situated on or 
near the venous arcades at the periphery of the retina. Nevertheless 
aneurysms were frequently seen, with exudate around them, which 
were indistinguishable from the diabetic type, as for example in 
Case 84 in which there was renal insufficiency, with amyloidosis and 
chronic rheumatoid arthritis. . Sections of the eye in this case 
showed no abnormality and there were no amyloid deposits within 
it (Figs 12 and 13, overleaf). 
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Fic. 12.—Case 84 
(Table III, Group 2), 
rheumatoid arthritis 
and amyloidosis, sec- 
tions of the eye showed 
no abnormality. Left 
retina, injected with 
Indian ink, shows 
aneurysmal dilatations 
situated on venous side 
of capillaries at extreme 
periphery of retina. 
Unstained. x 110 


Fic. 13.—Another part 
of the retina from the 
same case shown in Fig. 
12. Note that the 
aneurysms are small 
and not particularly 
related to the capillary 
bifurcations. These are 
typical examples of the 
type of aneurysm found 
commonly at the peri- 
phery of the retina in 
the ‘“ normal ” eye. 
Unstained. x 110 


Kidneys.—In none of the 23 cases did the kidney sections show evidence of inter- 
capillary glomerulosclerosis. In Case 84, the glomeruli contained amyloid deposits 
but the others showed nothing more than benign nephrosclerosis of varying degrees of 
severity. Aneurysmal dilatations were not seen on the glomerular capillaries in any 
case, but the kidneys were not subjected to any special injection techniques. 


DisCUSSION 


In this analysis the finding of even one or two micro-aneurysms in 
a whole retina has not been neglected, and this fact will explain in 
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some degree why the incidence of the lesions in our series of cases 
is much higher than in those already reported. Friedenwald (1950) 
states that among his non-diabetic cases there was only one “ in which 
there was an appreciable number of capillary aneurysms”, and 
Wexler and Branower (1950) have noted only those cases showing 
“ significant capillary lesions”: neither paper states, however, the 
number or size of aneurysms which should be regarded as appreciable 
or significant, but it follows from these authors’ statements that, in 
their view, a certain number or size of aneurysms can be regarded as 
within normal limits. It has seemed to us that in order to discover 
the cause of these lesions it is premature at the beginning of the 
investigation to decide arbitrarily upon a significant number, for that 
is surely part of the purpose of the investigation itself. The number 
of lesions is probably related only to the severity and extent of the 
causative factors; indeed all the problems involved are as 
provocatively posed by one micro-aneurysm as by a larger number. 

The finding of micro-aneurysms in the retina in such a high 
percentage of “‘ normal ” and pathological eyes is surprising and it is 
difficult to elaborate a single theory which will explain the histo- 
genesis of these lesions in each of the conditions in which we now 
know them to occur. The findings will therefore be discussed in 
the same order as in the first part of this paper. 


Eyes REMOVED AT OPERATION.—It is clear from the analysis of these 
cases that micro-aneurysms occur commonly in the diseased eye, 
apart from diabetes, and are most frequently seen in venous 
thrombosis and chronic uveitis. It would appear that the change in 
the capillaries preliminary to aneurysm formation is a focal mural 
degeneration, which both in diabetes and malignant hypertension 
has been seen to involve the basement membrane described by 
Friedenwald. As elsewhere in the body, such a change leads to 
increased permeability of the vessel wall or to its rupture with the 
formation of petechial or ecchymotic haemorrhages, but in the 
retina there is an intermediate stage of aneurysm formation, which 
as far as is known is found almost exclusively in these vessels. The 
process of formation of aneurysms in thrombosis of the retinal vein 
is fairly clear: when the occlusion in the central or branch vein is 
sufficiently advanced to obstruct the flow of blood, there is a slowing 
of the blood stream and a dilatation of the veins above the 
obstruction, the resulting stasis, anoxia, and engorgement lead to 
vascular degeneration and aneurysm formation on the venous side. 

In chronic uveitis the problem is less straightforward. It is 
probable, however, that the capillary degeneration and engorgement 
are secondary effects of the toxic products of the causative agent of 
the uveitis itself: the cuff of leucocytes which forms around the 
retinal vessels in acute and chronic uveitis is evidence that such a 
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secondary process exists. If there were an associated perforating 
injury the resulting fall in tension would further facilitate the 
formation of aneurysms by reducing the external vascular support, 
as in Case 9 (Table III). Why the process affects particularly the 
venous side of the capillary network is not known, indeed the same 
problem exists in diabetes, but it is further evidence of the greater 
vulnerability of the retinal veins to the toxic products of various 
inflammatory processes or other noxious agents. 


pe 


Fic. 14.—Case 10 (Table II). Shows aneurysms on the vessels within a 
retinoblastomatous growth. Injected Indian ink. x 45 
Comment should be made upon the aneurysms seen in retino- 
blastoma (Fig. 14) and in choroidal melanoma. In the case of 
retinoblastoma, the aneurysms were confined within the neoplastic 
mass, while the vessels elsewhere in the retina were completely 
normal. It is, therefore, probably not comparable to aneurysm 
formation in other conditions, being merely an irregularity associated 
with abnormal vascular growth within the tumour: such lesions are 
seen also in the vascular neoplasia of angiomatosis retinae (Snell, 
1925), in vascularization of the cornea (Cogan, 1949), as the 
“blood islands” of mustard gas keratitis (Mann, Pirie, and 
Pullinger, 1948), and in the vascular dysplasia of hereditary 
telangiectasis (Blackwood and others, 1949). In the case of the 
choroidal melanoma the growth was unusual in that it involved the 
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central vessels and so obstructed the venous flow. The aneurysms 
were not confined to the growth but were visible throughout the 
retina and the histogenesis of these lesions is analagous to those of 
thrombotic glaucoma. From the examination of other melanomata 
of the choroid it is known that retinal aneurysms do not usually 
accompany them. 

Eyes REMOVED PosT MORTEM 

Group 1.—Of this group only the findings in the three cases of 
malignant hypertension remain to be discussed. Each showed a few 
micro-aneurysms on the venous side of the capillary network with 
fatty degeneration of the vessel wall, exudates, cytoid bodies, and 
fat-containing macrophages. Indeed, the main morphological 
features were very similar to those seen in diabetic retinopathy, from 
which, however, malignant hypertensive retinopathy differs in some 
details. In malignant hypertension the emphasis of the venous 
change is in the peripapillary region, aneurysms are smaller and 
fewer, and may be arteriolar, and cytoid bodies are more frequent. 
In Case 87 a large aneurysm surrounded with exudate was seen on 
an arteriole (Fig. 10). 

It is necessary here to refer to the recent paper of Wexler and 
Branower (1950), who have reported their findings in the retinae of 
forty patients who had died from hypertensive vascular disease; 
29 of them were benign and eleven malignant hypertensives. In 
‘ every case of malignant hypertension sacculation and dilatation of 
the arterial capillaries with focal reduplication of the basement 
membrane at the point of sacculation were found. The lesions 
closely resembled the micro-aneurysms seen in diabetic cases but the 
lesions were limited to the arterial side of the capillary circulation, 
in contradistinction to the picture in diabetes, where the lesions are 
predominantly on the venous side. It should be pointed out, 
however, that it is not always easy to be certain from a stained flat 
preparation that such lesions are in fact confined to the arterial side 
of the capillary network, and it is possible that these authors may 
have been mistaken on this point. It may be true that in some cases 
the lesions are predominantly arterial, but in our three cases examined 
by injection of the vessels with red and black, the venous side of the 
capillary network was also heavily involved and micro-aneurysms, 
coils, loops, and beading were all.to be seen on the venous side. 
Nor is this surprising when one considers the probable histogenesis 
of aneurysms in this condition. As Elwyn (1944) convincingly 
asserted in considering the work of Ricker (1924), the chronic 
arteriospasm leads to dilatation of the pre-arterioles, capillaries, and 
post-capillary venules, and vascular degeneration results from the 
sub-oxidation and sub-nutrition of the vessel walls themselves. One 
would therefore expect to find aneurysm formation in each of these 
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terminal units, and whether the venous or arterial side is the more 
heavily affected may depend upon the duration of the arteriospasm. 
Wexler and Branower (1950) further state that 

while these lesions probably result in capillary stasis, no evidence was found to 

indicate that they are responsible for the papilloedema, haemorrhages or exudates; 
but if the above theory of histogenesis is correct, it is clear that the 
micro-aneurysm itself is merely an expression of the capillary stasis 
and vascular degeneration which precede its formation, and the same 
is true of the haemorrhages and exudates. There is still considerable 
difference of opinion as to the cause of papilloedema in malignant 
hypertension; many ophthalmologists, however, are confident that 
it is due to increased intracranial pressure and our finding of varicose 
looping and corkscrew coiling of the capillaries and venules in the 
peripapillary plexus of Michaelson and Campbell (1940) lends 
support to the view that there is such an impediment to the venous 
return beyond the disk, the effects of which appear to fall most heavily 
upon the peripapillary vessels, particularly in the deeper layers. 


Group 2.—The finding of retinal micro-aneurysms in 29 per cent. 
of post-mortem cases in which no eye disease was suspected, and in 
which no gross ophthalmological findings were to be expected in 
life, is an indication of the surprising frequency of these lesions. 
Indeed, apart from vascular sclerosis, the occasional capillary micro- 
aneurysm is the commonest pathological lesion in the retina. In about 
half the cases the lesions were found to be confined to the extreme 
periphery of the field. They are usually very small and few in 
number, and may either be of the beaded variety, or arise from one 
side of the vessel wall, or develop from the adhesion of varicose 
loops; the last two types are characteristic of diabetes. They 
occasionally occur at the capillary bifurcation (Figs 12 and 13) but 
do not arise there particularly: indeed, in our experience the capillary 
junction is not the site of predilection for any type of retinal micro- 
aneurysm. On the other hand, Friedenwald (1950), believes the 
bifurcation to be the most frequent location of aneurysms, and 
has suggested that this may be due to a local anatomical weakness, 
as in the congenital aneurysms of the circle of Willis. 

At the moment we have insufficient knowledge about this type of 
peripheral aneurysm to determine the cause of its origin or the reason 
for its anatomical distribution. As has been reported in a 
communication to the XVI International Congress (Ashton, 1950c) 
the retinal vessels in old age do not necessarily show micro- 
aneurysms: none was found in 64 eyes from 32 cadavers in which 
the age groups ranged from 10 to 80, eleven being over 70 years of 
age. Our findings in benign hypertension are in-complete accord 
with those of Friedenwald (1950) and of Wexler and Branower (1950); 
aneurysms appear to bear no direct relationship either to the age of 
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the patient or to the brachial blood pressure, but the majority of the 
diseases in which they occur develop in the older age groups. 


This investigation has therefore shown that micro-aneurysms are 
common in the retinal capillaries, but it is to be remembered that the 
inquiry was of necessity confined to eyes which were obtainable for 
microscopical examination and it can be confidently prophesied that 
the lesion is even more common than we have found. No doubt 
careful clinical ophthalmoscopical observation will reveal them in an 
even wider variety of inflammatory and degenerative diseases, for 
one can expect them to occur in any condition which leads to 
prolonged sub-oxidation and sub-nutrition of the capillary wall and 
in any disease where there is a chronic inflammatory or toxic injury 
to the capillaries, particularly on the venous side. Thus one may 
expect to find them in long-standing untreated cases of pernicious 
anaemia and in the retinal periphlebitis of Eales’ disease. It may be 
that the original finding of Ballantyne (1943), that 

many, if not most, of the so-called punctate haemorrhages characteristically seen 
in diabetic retinopathy are actually capillary aneurysms, 
is equally applicable to retinal punctate haemorrhages in the non- 
diabetic subject. 

The clinician will naturally require some explanation for the 
apparent discrepancy between the pathological frequency of these 
lesions, and the incidence of their clinical observation. It is, 
therefore, important to stress that the non-diabetic aneurysm is 
usually very small, ranging in size from 10 to 50 microns; furthermore 
they are frequently situated peripherally, where the retinal vessels, 
especially in their finest detail, are not readily seen ophthal- 
moscopically. In some of the conditions in which they occur, such 
as uveo-retinitis, there is no view or only a limited view of the 
fundus, and lastly, it is probable that when they have been visible 
they may have often been mis-interpreted as punctate haemorrhages. 

In conclusion, although it is not the purpose of this paper to deal 
with diabetes, it may be useful to consider how these further facts 
reflect upon the problem of diabetic retinopathy, which still remains 
the condition in which micro-aneurysms are seen most frequently 
and in their greatest numbers and most advanced forms. The finding 
of micro-aneurysms in the posterior part of the fundus in thirteen 
of our 79 non-diabetic post-mortem examinations slightly modifies 
Ballantyne’s dictum that when these lesions occur alone they represent 
the earliest unequivocal sign of diabetes. It is now clear that this is 
not true; nevertheless it remains a valuable diagnostic pointer. 

Ballantyne (1946), in the careful work he has carried out on this 
subject, has described in detail the fatty changes to be found in the 
capillary walls, particularly in aneurysmal areas, and this has led 
some workers, notably Renard and Dhermy (1950), to attempt to 
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link these changes with the general lipoid disturbance known to 
occur in diabetes. Dragstedt (1940) has demonstrated a lipotropic 
hormone believed to be secreted by the alpha cells of the islands of 
Langerhans in the pancreas; he believes that the deficiency of this 
hormone is responsible for the anomalies in lipoid metabolism, and 
has shown by animal experiment that it not only influences a fatty 
liver but also fatty deposits in arteries and throughout the body. 
Renard and Dhermy (1950) conclude that this alteration in the 
lipotrophic function of the pancreas brings about the fatty changes 
in and around the retinal vessels producing the characteristic diabetic 
retinopathy. It is therefore of-interest to note that exactly similar 
fatty degeneration of the vessels, with fat-containing. exudates and 
macrophages, were seen in association with the micro-aneurysms of 
malignant hypertension, and were also seen in several of the other 
non-diabetic cases in which micro-aneurysms were found. Further- 
more, as far as can be decided from microscopical examination, there 
is nothing to distinguish fatty degeneration in the vessels of the 
diabetic from that in the non-diabetic, and this fact casts doubt upon 
the arguments advanced by Renard and Dhermy (1950): it does not, 
of course, disprove their case for there is no reason to expect that 
endothelial fatty degeneration from differing causes should necessarily 
vary in appearance. Nevertheless, our experience leaves us with the 
impression that the differing features of micro-aneurysms, both in 
number and morphology, are more probably related to the acuteness 
or chronicity of their development and to the severity of the sub- 
oxidation and sub-nutrition to which the vascular wall is subjected, 
whether these factors are brought about primarily from a failure of 
the blood supply itself, as in malignant hypertension and thrombosis, 
or secondarily from a stasis of the circulation due to endothelial 
damage, as is probable in diabetes and chronic uveitis. 

In short, although the precipitating factors differ, the subsequent 
pathological changes of engorgement, dilatation, varicose looping, 
beading, fatty degeneration, exudation, micro-aneurysm formation, 
and haemorrhage are part of the same process and are basically 
identical in all cases. Since we know that in favourable cases the 
ophthalmoscopical picture in malignant hypertension may be 
completely restored to normal after sympathectomy, the findings we 
have here described give grounds for the hope that when the causative 
factors in diabetic retinopathy are known, and a rational therapy 
instituted, the condition may prove, at least in its milder stages, to 
be equally reversible. 

SUMMARY 
_ (1) In order to ascertain the incidence of retinal micro-aneurysms 
in conditions other than diabetes the retinae of 336 eyes from 250 
non-diabetic subjects have been examined by staining and injection 
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techniques. 162 of the eyes were removed at operation and 174 were 
obtained at 88 post-mortem examinations. The kidney was 
examined histologically in every post-mortem case. In the search 
for vascular irregularities the injection method was found to be far 


superior to the PAS (McManus) staining method. 


(2) Of those eyes removed at operation where the retinal vessels 
could be clearly seen after staining or injection, one-third showed 
micro-aneurysms, and these were most commonly found in cases of 
thrombotic glaucoma and chronic uveitis, being particularly 
numerous in an eye with uveitis following a perforating injury. 
Aneurysms were also found within a retinoblastomatous growth and 
in the retina of a case of choroidal melanoma in which the growth had 
obstructed the venous outflow. 


(3) Of the eyes removed post mortem, where the retinal vessels 
could be clearly seen after injection, about one-third showed micro- 


aneurysms. The findings in each case are reported in detail. Since 
ophthalmological reports were available in only a few cases, the 
post-mortem series was divided into two groups: 

(1) Where gross fundus changes were likely to have been apparent during life, 

(2) Where no gross fundus changes were likely to have been apparent during life. 

Three out of the six in the first group were cases of malignant 
hypertension. The findings in each of the three retinae are described 
in detail. They showed micro-aneurysms on both the venous and 
arterial side of the capillary network, with fatty degeneration in the 
vessel walls, exudates, cytoid bodies, and fat-containing macrophages. 
Two of the cases in which a well-marked papilloedema existed 
showed a striking degree of engorgement, varicose looping, and 
corkscrew coiling of the capillaries and venules in the peripapillary 
plexus. The findings are not in accord with those of Wexler and 
Branower (1950), who found that aneurysms were confined to the _ 
arterial side of the capillary network in malignant hypertension. 

In the second group, in which no eye disease was suspected and in 
which no gross ophthalmological findings were to be expected in life, 
retinal micro-aneurysms were found in 29 per cent. of cases. In 
about half, the lesions were confined to the extreme periphery of the 
field; they were small and few in number but often indistinguishable 
from the diabetic type of aneurysm. The cause of their origin and the 
reason for their anatomical distribution are unknown. There seemed 
to be no direct relationship between the aneurysm formation, the age 
of the patient, the brachial blood pressure, or the cause of death. 


(4) Capillary aneurysm formation in the retina has thus been 


shown to be of frequent occurrence, and it is believed that, apart 
from vascular sclerosis, the occasional capillary micro-aneurysm is 


the commonest pathological lesion in the retina. 
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(5) The significance of these findings is discussed, with particular 
reference to the important problem of diabetic validating. 


I am most grateful to the surgeons of the Moorfields, Westminster and Central Eye 
Hospital for the provision of eyes removed at operation and for the kind co-operation 


of Dr. A. B. Bratton and his staff, Drs. C. C. Bryson, W. Peters, S. H. B, Robinson, 

and C. Raeburn, who have provided the post-mortem material; my thanks are also 

due to the many clinicians who have kindly supplied the clinical details of their cases. 
To Sir Stewart Duke-Elder and Mr. E. F. King I am indebted for advice in the 


preparation of this paper. 
I wish to thank Dr. P. Hansell for the ghibcarabies Miss E. FitzGerald for clerical 
assistance, and my technicians, Messrs. G. E. Knight, A. McNeil, D. Bedford, and 


G. E. Sharman, for their valuble technical assistance. 
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RICHARD BANISTER 
SOME FURTHER DATA* 
BY 


J. P. HOSKINS anp ARNOLD SORSBY 
(Stamford) (London) ) 


THAT invaluable document on the early history of British 
Ophthalmology, MS. Sloane 3801 (British Museum), was printed in 


full by James (1933), from whose book Fig. 1 (overleaf) is repro- 
duced. The MS. was subsequently shown to have been written by 


Richard Banister (James and Sorsby, 1934). The evidence then 


advanced was largely indirect, but additional evidence is now 
available which puts this conjecture beyond doubt. 


BioGRAPHICAL DATA 


The Lincoln Consistory Court records contain the will of 
Gabriel Bannester of Sedgebrook (Wills, 1595, Vol. II, No. 26). 


In the name of God Amen the XVth daye of Julye An Dni 1595 I Gabriell 
Bannester of Segbroke in the Countye of Lyncolne gent sicke in bodye 
butt holle in mynde and of good and perfect remembrance prayse be to 
God doe make and ordayne this my laste will and testament in mann and 
forme followinge firste I commytt my soule into the hands of Almightye God 
and my bodye to the earthe from whence yt came. Itm I gyve to ye mother 
Church of Lyncolne iiij4 Itm I give te my sonne Rychard Bannester in monye 


Itm I gyve to my sonne Anthonye Bannester in monye vj! xiijs  iij* 

Itm I gyve to Elisabeth Childe iij' vjs viijt Itm I gyve to my doughter Ellyn one 

cowe Itm I gyve to marye Bellarbye ye yonger in monye V*. The reste of all 

my goods both moveable and unmoveable my debts legacies funerall expences 

wth all other dutyes paid and discharged I gyve them hollye to Issabell my wyfe 

whome I make full and sole executrix of this my last will and testament. And I 

make Willm Childe supervisor heareof and for hys paynes I gyve hym xij'! 
Wytnesses hearof 

Jamys Hollmes Robert Gibson 

Willm Childe Clark. 

Proved at Grantham 19 July 1595. 


It will be noted that the testator refers to his sons, Rychard, 
Francis, and Anthonye, and to his daughter Ellyn. Ellsabeth Childe 
was also his daughter, for the marriage of Elizabeth Bannester to 
William Childe at Sedgebrook church is recorded in the Parish 


* Received for publication December 18, 1950. 
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Fic. 1.—Two pages of MS. Sloane 3801 (British Museum). (From 
R. R. James, “Studies in the History of Ophthalmology in England”, 1933) 
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register on November, 21, 1591. It is possible that Marye Bellarbye 
was also a daughter. 

The marriage of the testator to Issobell Johnson is recorded in the 
Parish register of Sedgebrook on October 15, 1565. The registers 
also give the following information on baptism: 

Ellen Bannester, baptised in August (day is illegible) 1566. 
Gabriell Bannester on December 22, 1571, Elizabeth Bannester on May 9, 1573, 
and John Bannester on January 27, 1576/7. 


The baptism records agree with the will as far as the daughters, 
Ellen and Elizabeth, are concerned. On the other hand there is no 
mention in the will of Gabriell or John, whose baptism is on record. 
But in the Sloane MS. both “ Gabriell my younger brother” and 
“another younger brother called John ”’ are mentioned as having 
died. (The transcript given by James as “ Gabriel & my younger 
brother ” is a misprint, there being no “ &” in the MS.). It would 
therefore seem that for some reason the baptism of Richard was not 
recorded at Sedgebrook and that Richard was older than Gabriell, 
who was baptised on December 22, 1571. If this reading is correct, 
it puts Richard’s year of birth at c. 1570. 

It is unfortunate that there is no record of Richard Banister’s 
baptism for this would indicate the date of birth. Whether the 
family was living away from Sedgebrook in the years between 

‘ 1566-71, and 1573-77, or whether for some reason there was a 
clinical baptism of Richard, or (as occasionally happened) no record 
whatever was made of this baptism, it is impossible to say. 
Enquiries at Barrowby, the boundaries of which come almost up to 
the Sedgebrook Parish church, have failed to bring forward any 
further records of baptism. - At Grantham there is a record of a 
baptism of a Bannister with an illegible Christian name on 
November 26, 1572. 

The will of Gabriell Bannester of Sedgebrook and the records of 
baptism of his children are therefore of value in that they help to 
ascribe the Sloane MS. to Richard Banister, and to confirm the 
conjecture made on the basis of the Banister portrait at the 
Royal College of Surgeons of England that he was born c. 1570 
(Sorsby, 1948). 


HOLOGRAPHS AT STAMFORD 


The will of Richard Banister left to the Parish church of St. Mary’s 
in Stamford: 
ten pounds [to] bee putt forth by the Minister, Churchwardens and the discreetest 
men in the said parish after the rate of seaven pounds in the hundred, the increase 
whereof shall bee bestowed uppon Divinity Bookes yearely, or once in two yeares, 
and the same bookes shall bee placed in the Library in the said Church there 
to remaine for ever. 
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This library still exists, and now consists of about 150 books given 
at various times from Banister’s day to this. The books were 
originally housed in the south aisle of the chancel. They aré now 
kept in the vestry on the ground floor of the tower. The library 
Catalogue Book contains records of accessions from the Banister 
fund up to 1645, but after that it is heard of no more. 

About 1725 a club or society ‘ of gentlemen ’ was formed, consisting 
of subscribers or ‘ contributors ’ to the library, and the management 
of it was vested in them. A blank lending slip printed for the 172-’s 
and issued by ‘the Gentlemen the Contributors for the Library in 
St. Mary’s Church, Stamford ’ is extant. Two links with Banister 
have also survived: 

(1) The original Library Catalogue Book.—This was damaged by 
fire and water as the result of a fire in the vestry some years ago. It 
was, however, skilfully repaired by the experts at the Lincoln 
Diocesan Record Office and is now kept in the church safe. The 
first entry in the book is a memorandum (p. 3) purporting to be made 
on July 14, 1623, of a gift by one Edward Robinson from an 
‘Inn in Fetter Laine called the whyte horse’ of an annuity of 
£11 6s. 8d. for 60 years from the date of the memorandum, to be 
paid quarterly to ‘ St. Maries Stamford ’ ‘ for Bookes, reparacions 
and other necisaries’. It is thought the memorandum must have 
been copied into the book, perhaps from an original document, at a 
later date, and may perhaps have been entered by Banister himself, 
who, as seen below, provided “this paper book in fol.” for the 
purpose of the catalogue. On page 7 there is what appears to be the 
earliest list of ‘ Bookes in the Librarye’. The first part of this list, 
is, we are inclined to think, in Banister’s handwriting. 

The Catalogue contains several entries by William Dugard, master 
at the Stamford Grammar School in 1636, who appears to have 
acted as librarian at that time. On p. 13 there is an entry of the 
clause in Richard Banister’s will relating to his legacy to the library 
of £10. On p. 15 there is a further note on the history of the 
library ‘‘ founded and begun” by Richard Banister “in the yeare 
of or Lord 1625”. A note on p. 16 lists six books given by Richard 
Banister “‘ in his life-tyme ”’: 

1. This paper-book in fol. wch was given for this purpose to write therein the 
names of the bookes now, or. hereafter, to bee given to the said Library. 
p ‘t’- 0.10.0. 

2. Galeni Opera in 2 vol. in folio. 

3. Origani Ephemerides in 2 vol. in 4to. 

4. Dr. Bownd his doctrine of the Sabbath in 4to. 

5 

6 


. Sermons and Lectures by John Day in 4to. 
. Robt. Cowdray his Treasury or Storehouse of Similiés in 4to. 


(2) The actual books, listed above, which Banister gave to the 
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Library.—The donor’s signature and various notes appear on these 
volumes, only one of which, “Sermons and Lectures by John Day 
in 4to.” (No. 5), has been lost. An example of the signature 
appears in Fig. 2. 


Fic. 2.—Scribblings on last flyleaf at end of Vol. II of Galeni Opera, the 
front page of which is also marked with Banister’s name. 
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The Ephemerides Brandenburgicae, vol. I (No. 4) is of particular 
interest as it contains a series of entries inside the front cover (Fig. 3) 
regarding Banister’s children: 


Fic. 3.—Record, presumably by Richard Banister, on inside of front 
cover of Vol.I, Ephemerides Brandenburgicae; the front page is marked 
with Richard Banister’s name and the date 1614. 





RICHARD BANISTER 


The tymes of ye natyvetyes of /Richarde Banisters Children 
Gabriell Banister was borne upon ye munday 
beinge ye 16 of April 1599 hora inter 4 et 5 ant. 
Ann was borne ye 6 of december beir saterdaye 
1600 hora inter 7 et 8 ant. 
Richarde was borne upon ye 26 of november 
being frydaye 1602 hora inter 10 et 11 ant. 
Jhon was borne ye 12 of november beinge 
Saterdaye 1603 {here is a cancellation] hora inter 6 et 7 ante. 
Ann dyed ye x of feabruarye betwyxte 12 & 1 
of ye clock 1604. 
Fraunces was borne upon wednesdaye about 
10 of ye clocke at nyght. 
Suesanne was borne upon mydsomer daye 
att 4 of ye cocke [sic] 1612. 
Brydget was borne upon sunday was ? senite 
befor maydaye inter hora 7 et 8 post. 


The hand-writing on this page, as well as that seen in the various 
other notes, appears to be identical with that of MS. Sloane 3801. 
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EOSINOPHILIC GRANULOMA OF THE ORBIT* 
BY 


AARON J. BELLER anp WALTER KORNBLUETH 
From the Neurosurgical and Ophthalmological Departments, Rothschild Hadassah 


University Hospital, Jerusalem, Israel 


REPORTS On intra-orbital tumours and causes of exophthalmos do 
not mention the disease entity of eosinophilic granuloma first described 
by Lichtenstein and Jaffe (1940). Pfeiffer (1943), in reviewing 
200 successive cases of exophthalmos, enumerated 31 different 
lesions, among which eosinophilic granuloma of the orbit was not 
listed. Forest (1949) reported on 229 cases of intra-orbital tumours 
collected from the registry of the U.S. Army Institute of Pathology, 
but did not include eosinophilic granuloma. Dandy (1941) did not 
mention this possibility in his monograph on orbital tumours. 


A review of the literature on eosinophilic granuloma of the bone 


(Dundon and others, 1946; Hansen, 1949; Jaffe and Lichtenstein, 


1944) revealed one case in which the lesion was limited to the orbit 


(Walthard and Zuppinger, 1949). Here the diagnosis of a granuloma, 


probably due to xanthomatosis, was made in a two-year-old boy, 


but a re-check confirmed the correct diagnosis of eosinophilic 
granuloma. This report seems justified by the need to call attention 


to this lesion in the differential diagnosis of intra-orbita] tumours. 


Cast REPORT 


Case 1. M. S., a 14-year-old boy, came to the Ophthalmologica) Ciinic 
on January 8, 1950, complaining of pain in the left supra-orbital region, 
and blurred vision of two weeks’ duration in the left eye. Two weeks 
previously the patient had been hit in the head (left temporal region) by 
the iron door of a bus while trying to board the moving vehicle. The 
family history as well as the past history were irrelevant, except for the 
fact that the boy had spent the last four years in an institution for 


defective children because he was mentally retarded. In 1944 he had 
suffered from a chronic otitis media in the left ear. 


On inspection the boy was seen to keep his left eye closed. There was 
no swelling of the lids nor any external sign of contusion. On being told 
to open and close his left eye he was able to do so quite freely. 


* Received for publication October 23, 1950. 
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There were no abnormal findings in the right eye, visual acuity, corrected 
with —0.75, being 5/6. 

The palpebral fissure of the left eye was slightly wider than that of the 
right. Measured with the exophthalmometer of Hertel, the left eye, in 
comparison with the right, showed a protrusion of 3mm. Eye movements 
were limited in all directions, in particular on lateral gaze to the left. 
The pupils were round and equal in size, the left reacting sluggishly to 
light, directly and consensually. Corneal sensitivity was intact, the 
media and the eye ground did not show any pathological changes. Visual 
acuity amounted to counting fingers excentrically at a distance of 1.5 m. 
The visual field was difficult to take because of the patient’s lack of 
co-operation, but seemed to indicate an absolute centra) scotoma. 

X ray of the orbits showed some destruction of the left sphenoidal ridge 
extending into the lateral wall of the orbit. There was no evidence of 
increased intra-orbital pressure (Fig. 1). Examination of the nasal sinuses 
and the nasopharynx revealed no abnormality. Pulse rate, temperature, 
and blood pressure were within normal limits. General physical as well 
as neurological examinations were negative except for hypoaesthesia in 
the distribution of the left supra-orbital nerve. A bone survey failed to 


disclose any other destructive lesion. 


Fic. 1.—Case I. Destruction of left sphenoidal ridge extending into 
lateral wall of orbit. 


Laboratory Findings.—Blood count: erythrocytes 4,950,000; haemoglobin 75 per cent. 
(Sahli); leucocytes 8,000; neutrophils 62 per cent.; monocytes 5 per cent.: 
eosinophils 4 per cent; bandform 3 per cent.; lymphocytes 26 per cent. 

Sternal puncture no abnormality. 

Blood chemistry: sugar 81 mg. per cent.; urea 25 mg. per cent.; total protein 
7.8 per cent. (albumin 5.1 per cent., globulin 2.7 per cent.); total cholesterol 186 mg. per 
cent. (free cholesterol 59 mg. per cent., cholesterinester 127 mg. per cent.); phosphorus 
3 mg. per cent.; phosphatase 6.2 Bodansky units; calcium 8.3 mg. per cent. 

Blood sedimentation rate one hour (Linzenmeyer). 

Urine analysis normal. 

Arteriography was performed by injecting the left common carotid arterty with 
20 ml. 35 per cent, diodrast. There was no aneurysm in the distribution of the internal 
carotid artery, nor was there any displacement of vessels. 
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While in hospital the patient complained of severe supra-or bital pain 
which was relieved temporarily only by an injection of novocain into the 
supra-orbital nerve at its exit from the supra-orbital notch. Proptosis 
of the left eyeball increased to 5 mm. and vision decreased to recognizing 
hand movements close to the eye. This time the left fundus presented 
slight engorgement of the veins. 

Five weeks after the patient was first seen the whole clinical picture 
dramatically changed within 24 hours. The patient spontaneously 
reported that pain had completely disappeared and vision improved 
remarkably overnight. Sudden regression of the proptosis could be 
confirmed so that the difference between the two eyes was only 1 mm. 
The movements of the eyeball were altogether free. There were some 
nystagmoid jerkings on extreme lateral gaze to the left. Visual acuity in 
the left eye rose to 5/5 and the visual field was full. Ophthalmoscopic 
examination was negative. X ray of the orbits taken the following day 
showed marked destruction of the left sphenoidal ridge in its middle 
portion, extending to the roof and the lateral wall of the orbit. The area 
of destruction was as if punched out, and there were no signs of reactive 
bone changes at its margin (Fig. 2). 


Fic. 2:—Case 1. Punched-out area in sphenoidal ridge, roof, and lateral 
wall of left orbit (5 weeks after Fig. 1). 


Operation.—On March 1, the lesion was exposed through a left transfrontal 
craniotomy. The dura covering the frontal pole was retracted from the orbital roof. 
At the posterior part of the orbital roof a hole was seen in the bone through which a 
soft yellowish mass bulged into the cranial cavity. The tumour was removed piecemeal 
by means of a curette. It was adherent to the bone margin but could easily be freed 
from the capsule of Tenon. Part of the tumour entered the middle fossa for a distance 
of 2 cm. at the area where the sphenoidal ridge had been destroyed. The tumour was 
removed as far as could be seen. The post-operative course was uneventful. 


Microscopic Examination—The tissue as a whole was very cellular showing a few 
areas of haemorrhage and necrosis. There was a moderate amount of collagen 
connective tissue particularly at the margin of the lesion. Numerous congested 
capillaries were found adjacent to the areas of haemorrhage. The tissue contained 
abundant eosinophilic leucocytes (Fig. 3), and a sheet-like accumulation of small and 
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large histiocytes (Fig. 4). Foci of multi-nuclear giant cells, with a granular cytoplasm, 


which occasionally revealed some pale vacuoles, were seen in the vicinity of the areas 


of necrosis and haemorrhage. 


Fic. 3.—Case 1. Eosinophilic leucocytes 
and multinuclear giant cells. Haema- 


toxylin and eosin (x 405). 


After’ complete healing of the 


operative wound, the patient received 


deep X-ray treatment through the left 
irom and temporal fields totalling 
r. 


The boy was last seen in July, 1950, momen ss 
four months after the operation. fig 4-Case 1. Numerous histiocytes. 


Re-examination of the eyes revealed Haematoxylin and eosin (x 405). 

no abnormality. A repeated X ray 

of the orbits (Fig. 5) showed some density at the area of previous des- 
truction and the margins of the lesion could hardly be recognized. 


Fic. 5.—Case 1. Density at area of previous destruction (4 months 
after operation). 


Blood Chemistry.—Total cholesterol 150 mg. per cent.; phosphorus 2.7 per cent.; 
phosphatase 7 Bodansky units; calcium 11.6 mg. per cent. There were still 5 per cent. 
eosinophils in the peripheral blood. 
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COMMENT 


At the time of the first examination diagnosis of an intra-orbital 
space-occupying lesion of undefined nature was made. The history 
of trauma to the left temporal region, followed by the rapid develop- 
ment of the clinical symptoms, suggested among other possibilities 
retrobulbar haematoma. The roentgenological finding of some 
destruction of the sphenoidal ridge and of the roof of the orbit 
rather favoured a neoplastic lesion. Hand-Schiiller-Christian’s 
disease was also considered in the differential diagnosis. Final 
proof of the true nature of the lesion was obtained by histological 
examination of the tissue removed at the operation. 


The sudden improvement—regression of the protrusion of the 
eyeball, return of full visual acuity and disappearance of the muscular 
palsies—could be explained by decompression due to the marked 
destruction of the orbital walls shown in Fig. 2. 


Several points in the history and clinical course of the disease 
might have indicaied the probability of eosinophilic granuloma: 


(i) The age group most frequently affected by this lesion includes the first two 
decades of life. 

(ii) Incidence in males is higher than in females. 

(iii) The significance of trauma in the aetiology of the disease has been stressed by 
several authors. 

(iv) The rapid development and progress of the clinical picture were characteristic 
of an eosinophilic granuloma. 

(v) X-ray of the bone as a rule shows a well defined osteolytic process with little 
evidence of reactive bone formation at the margin of the defect. 

(vi) Most of the reported cases showed an increase of eosinophiles in the peripheral 
blood. 


Though one has to take eosinophilic granuloma into account in 
the differential diagnosis of an orbital lesion, a malignant tumour of 
the orbit destroying the bone could not be definitely excluded. One 
was, therefore, justified in exploring surgically the affected region. 


The patient showed no general signs, such as diabetes insipidus, 
or enlargement of liver and spleen, suggesting the symptom complex 
of Hand-Schiiller-Christian’s disease. In this connection it is of 
interest to note that, in a later publication Jaffe and Lichtenstein 
(1944) assumed eosinophilic granuloma of the bone to be “ the 
mildest clinical expression of the peculiar inflammatory histiocytosis”, 
comprising also Letterer-Siwe’s disease and Hand-Schiiller-Christian’s 
disease. 

SUMMARY 


A case of eosinophilic granuloma of the orbit, causing 
exophthalmos, palsy of the third, fourth, and sixth nerves, irritation 
of the first division of the fifth nerve, and loss of vision, is described. 
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The symptoms and signs characteristic of the lesion are discussed. 


Eosinophilic granuloma, though apparently of very rare occurrence 
in the orbit, should have its place in the differential diagnosis of 
orbital tumours. 


ADDENDA 


(a) Since this paper was submitted for publication, an additional case 
of eosinophilic granuloma has been seen. 


Case 2. A 23-year-old girl, suffering from a progressive proptosis of 
the left eye of 8 months’ duration, was examined in our out-patient 
department on June 27, 1950. The only pathological findings were a 
marked proptosis on the left side and a sluggish reaction to light of the 
left pupil. X ray revealed a destructive lesion of the roof and lateral 
wall of the left orbit (Fig. 6). A tentative diagnosis of an epidermoid 
cyst was made and operation suggested. Professor Hugh Cairns (Oxford) 
at whose clinic the patient attended, and with whose kind permission this 
case is appended, removed a tumour which proved on histological 
examination to be a typical eosinophilic granuloma. 


Fic. 6.—Case 2. Marked destruction of left orbit and left temporal bone. 


(5)tAn announcement of yet another case of eosinophilic granuloma of 
the orbit without any bone changes which is shortly to be published 
has been made by Babel (1950). 
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SOEMMERING’S RING AND ITS DISLOCATIONS: 


BY 


G. S. GUHA 
Shillong, India 


SOEMMERING’S ring is a special form of after-cataract which is 
formed in the following ways: 


In extra-capsular extraction of cataract in which the central portion of 
the anterior capsule is removed, or in injury of the lens, or in discission 
operations in which the anterior capsule is torn and the central portion 
of the lens substance is penetrated and becomes absorbed, a greater part 
of the capsule sac remains intact. According to Wessely (1910), when 
the central part of the anterior capsule is opened up, it then loses its 
stretching capacity and collapses, forming at first a flat ring. Now 
filaments of the lens substance frequently remain at the equator of the 
capsule sac; with this also remain parts of the lens nucleus and subcapsular 
epithelium. The torn anterior capsule then becomes retracted and 
adheres to the posterior capsule at the margin, so that the remains of the 
lens fibres cannot be absorbed and therefore form a ring of folded capsule. 
The epithelial cells can grow in this ring and, associated with the deposition 
of hyaline capsular material in the remains of the lens substance, a 
swollen ring or cushion is formed. This ring, remaining hidden behind 
the iris and being held in position by the zonule of Zinn, cannot be seen 
in the ordinary eye. There is also practically no disturbance of vision 
when the ring hangs in its original position, because the central portion 
always remains clear. When operative treatment for high myopia was 
in vogue, such ring formations were not uncommon. The procedure 
known as Fukala’s operation had as its first step the discission of the lens; 
the swollen lens material formed as the result of discission was then 
washed out, and in most cases parts of the anterior and posterior capsule 
with remains of lens fibres and subcapsular epithelium were left behind 
and formed a swollen ring. This ring in its typical form can also arise 
after discission of congenital cataract. 


The name derives from D. W. Soemmering of Mainz who 
examined a number of eyes of dead persons, who had been 
operated upon in life for cataract. He dissected these eyes through 
the equator and in eight cases saw more or less crystal clear, nearly 
invisible, ring-like substances behind the iris. When the dissected 
eyes were immersed in spirit, these almost invisible rings became 





* Received for publication November 11, 1950. 
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opaque. His observations (1828) were followed by those of 
Werneck (1834) and Textor (1842). 


The formation of Soemmering’s ring was very plainly shown in 
animal experiments by Dieterich (1824) and Cochteau and Leroy- 
d’Etidlle (1827). More recently the experiments of Gonin (1896) 
and Wessely (1910) showed that the ring formations arise more 
easily in young animals than in old ones. It is likely that the 
epithelial cells in young animals have a greater capacity for growth 
than those of old animals. 


In its typical form, Soemmering’s ring can only be diagnosed 
clinically after its dislocation has taken place, when a coloboma of the 
iris has been made, or when the pupil has been widely dilated. It 
is interesting to find that all cases of Soemmering’s ring so far 
published, as well as the author’s own case, showed dislocations, and 
it is very likely that the diagnosis of all these reported cases was 
made only by chance after dislocation had occurred. It is 
perhaps worth while therefore, to discuss the factors favouring 
dislocation. According to Poos (1931) these are: 


(1) The early age of the patient when the lenticular injury occurs favouring the 
formation of a relatively strong ring. 


(2) Progressive myopia} gradually producing degeneration of the vitreous and of 
the zonules in later life. 


(3) Injury. 


After reviewing eleven cases so far published (see Table, overleaf), 
the author is of opinion that the factors which cause dislocation of 
Soemmering’s'ring are the following: 


(1) FORMATION OF THE RING AT AN EARLY AGE.—From the ages given in the table, 
we see that with the exception of one 62-year-old patient’ (in which the ring was only 
partially formed), the history of injury belonged to the early years of life. Injury at 
an early age is an important factor because the young cell elements are then more 
capable of growth, which at first takes place from the subcapsular epithelium. The 
ring has also sufficient time to grow fairly large with age, and the size and increased 
weight of the swollen ring favour its dislocation. 


(2) Myop1a.—Seven cases (1, 3, 6, 7, 9, 10, and 11) were found in highly myopic eyes. 
It is probable that in Jess’s second case (Case 5, glasses for correction of the aphakic eye 
for distant vision being +9 D sph.) a certain degree of myopia was present. Out of 
the eleven cases therefore, eight were myopic. The degeneration of the zonules, the 
liquifaction of the vitreous, the small and weak ciliary muscles, and the deep anterior 
chamber, which are the usual changes in a myopic eye, no doubt facilitate the dislocation 
of the ring after a slight injury. The deepening of the anterior chamber and the 
liquification of the vitreous favour its forward or backward dislocation according to 
the type of injury or movement of the head. 
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TABLE—SUMMARY 
Age when 
Case} Investigator} Lenticular injury Age at ering Nature of Cause of 
No.| and date or operation injury or | Ring due to dislocation dislocation 
| operation | dislocation 
was observed 
1 | Wessely | Lenticular injury 3 72 In vitreous ? Spontaneous 
(1910) by a needle 
2 |Adam __ | Extra-capsular 48 61 In anterior ? Spontaneous 
(1911) extraction chamber 
3 | Schneider] Operation for 30 50 In anterior ? Spontaneous 
(1927) traumatic cataract c ber 
4 | Jess Operationfor |§ 17 57 In anterior ? Spontaneous 
(1931) congenital chamber 
polar cataract 
5 | Jess Extra-capsular | 62 76 In anterior Direct con- 
(1931) extraction | chamber tused injury 
6 | Poos Fukala’s 12 45 In vitreous Direct con- 
(1931) operation tused injury 
7 | Poos Fukala’s 10 40 In vitreous Indirect 
(1931) operation shaking of 
eyeball by fall 
8 |Lijo _| Lenticular In child- | Not Partly in ante- |? Injury 
Pavia injury— hood mentioned | rior chamber, 
(1931) traumatic cataract partly in 
vitreous 
9 | Tooke | Fukala’s 28 43 Partly in Contusion of 
(1933) operation anterior eye 
chamber, 
partly in 
vitreous 
10 | Jacoby | Extra-capsular 36 66 In anterior Spontaneous 
and extraction chamber 
Wolpaw 
(1935) | 
11 | Guha Extre-capsular 22, left | 51, left eye | In anterior Spontaneous 
(1938) | extraction both | 31, right chamber 
| eyes (? Congenital 
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OF PUBLISHED CASES 
ee Vision of affected eye Pare J = ies i 
t ti Changes 
dislocation : of eyes | affected eye | ofring | findings of 
Before After ring 
dislocation | dislocation 
Visual Finger ? Cannot | High Myopic _| Intense Not 
disturbance! counting | count myopia changes in | white examined 
at 2 m. fingers fundus and 
vitreous 
fluid 
Glaucoma | Not Finger Not Not Not Not 
mentioned gr mentioned | mentioned | mentioned | mentioned 
at 2m. 
Glaucoma | Not Myopia _ | Not Contents | Not 
mentioned} 20/40 mentioned | milky mentioned 
Glaucoma | F.M. only | F.M. nil | Nomyopia| Not Contents /| Not 
mentioned | half milky, | mentioned 
half calcified 
Glaucoma 5/10 3/35 Myopia _ /| Not Partially- | Not 
(aphakia | mentioned | formed mentioned 
corrected | ?Senile | ring 
+ 9D sph.)| changes 
Visual Not 6/12 High Myopic | Partlytrans-| Not 
disturbance | mentioned myopia changes in | parent, part-| mentioned 
fundus ly opaque 
Visual Not 6/15 High Myopic _ | Partlytrans-| Not 
disturbance | mentioned myopia changes in | parent, part-| mentioned 
fundus ly opaque 
Not Not Not Not Not Not Not 
mentioned | mentioned | mentioned | mentioned | mentioned | mentioned | mentioned 
?Glaucoma| 6/15 6/30 High Not Like a No hyper- 
myopia mentioned | uterus plasia of 
cubical 
epithelial 
cells, no sign 
of hyaline 
degeneration 
Marked Not Not Myopia | Not Not Not 
ciliary in- | mentioned | mentioned mentioned | mentioned | mentioned 
jection. No . 
Glaucoma 
Glaucoma | Not 5/15 Myopia | Myopic |*Whole ring | Complete 
known changes in | white and _ | calcification 
fundus completely 
opaque 























* N.B.—The ring in right eye could also be seen in position after dilating the pupil. 
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(3) SENILE CHANGES IN THE EyE.—By reviewing the ages at which dislocation had 
taken place, we find that these were 72, 61, 50, 57, 76, 39, 45, 66, and 51 years, 
Although the formation of the rings must have taken place in all these cases in the 
early years of life (judging from the history of injury or operation), the dislocations 
have taken place in later years. \t may be concluded therefore, that the degenerative 
and dystrophic processes in the senile eye causing changes in the zonules and vitreous 
favour dislocation of the ring. 


(4) DEGENERATIVE CHANGES IN THE RING ItTSELF.—These changes are calcareous, 
morgagnian, and probably fatty degenerations. Complete calcification was noticed 
in the author’s case (Case 11) and partial calcification in Jess’s first case (Case 4). In 
these cases the rings were found to be white, uneven, and crystalline. These changes 
may help in the dislocation of the ring by increasing its consistency and specific gravity. 

(5) TrauMA.—Direct contused injury or direct violent shaking of the eyeball 


(5, 6, and 9) and indirect shaking of the eyeball (Case 7) or a violent fall without a 
direct blow on the head may also produce dislocation of the ring. 


(®) SPONTANEOUS DISLOCATION.—In the author’s case (Case 11) dislocation of the 


ring in the anterior chamber took place during work in a bent position, the patient 
being a painter. In Cases 1, 2,3, and 4, the dislocations were probably also spontaneous. 


The sequelae of dislocation may differ different according to the 
type of displacement of the ring. Dislocation in the anterior 
chamber (as in Cases 2, 3, 4, 5, 10, and 11) causes secondary glaucoma. 
In five out of these six cases symptoms of secondary glaucoma were 
present; in Case 10, there were no symptoms of glaucoma but that 
of irritation. In Cases 1, 6, and 7, the dislocation was into the 
vitreous, which causes no other symptom except disturbance of vision. 
In Cases 8 and 9, the dislocation was partly in the anterior.and partly 
in the posterior chamber. 

We now see that Soemmering’s ring differs from ordinary after- 
cataracts in many ways, of which the first and the last are the most 
noteworthy: 

(1) In most cases, it is clinically invisible when it remains in its origina) position. 

(2) It does not usually cause any visual disturbance, 

(3) It has a peculiar ring-like shape. 

(4) It is usually formed at an early age. 

(5) The presence of both the anterior and posterior capsules associated with lens 
fibres are always necessary for its formation. 

(6) When formed at an early age, it grows fairly large with advancing years. 

(7) Unlike the ordinary after-cataract, it dislocates easily. 
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BUPHTHALMOS IN THE RABBIT: 


BY 


D. P. GREAVES anp E. S. PERKINS 


Ophthalmological Research Unit, Medical Research Council, 
Institute of Ophthalmology, London 


CoNGENITAL glaucoma in the rabbit has been described by many 
authors, notably Schloesser (1886), Pichler (1910), Vogt (1919), 
and Rochon-Duvigneaud (1921). We have recently seen two cases 
of this condition in rabbits supplied to us for other experimental 
purposes. . 

Both eyes were affected in each animal; the eyes were large and 
had oedematous, hazy corneae and deep anterior chambers, The 


Ficure.—Buphthalmos in albino rabbit. 


episcleral vessels were congested. The histology of the eyes 
corresponded closely to Rochon-Duvigneaud’s excellent. description 
which should be consulted for further details. 

We were particularly interested to observe whether or not aqueous 
veins could be found in these eyes, as recent work (Weekers and 
Prijot, 1950; Greaves and Perkins, 1951) has shown that they are a 
constant finding in the normal rabbit. 





* Received for publication January 1, 1951. 


232 








BUPHTHALMOS IN THE RABBIT 233 


Examination with the Haag-Streit slit-lamp showed that all the 
episcleral vessels were congested, but no vessel resembling aqueous 


veins could be found. Furthermore, pressure on the globe failed to 
bring out any change in the vessels corresponding to the increase in 


outflow of aqueous seen in the normal rabbit. 
Evan’s blue injected into the anterior chamber with the eye 


connected to a compensating manometer failed to appear in the 
episcleral plexus, but when the pressure was artificially raised from 


its original 50 cm. saline to 80 cm. saline some blue colour was 
noted in many of the episcleral blood vessels near the limbus. 


This suggests that although the drainage does occur from the eye 
to the episcleral vessels, very little aqueous humour drains by this 


_ route in buphthalmic eyes. 


SUMMARY 
(1) Two cases are described of buphthalmos in rabbits. 


(2) No aqueous veins were observed in these eyes. 


(3) Evan’s blue injected into the anterior chamber did not appear 
in the episcleral plexus unless the pressure was raised artificially to 


80 cm. saline. 


The Figure is a photograph of one of these rabbits taken by the Medical Illustration 
Department of the Institute of Ophthalmology. 
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CASE NOTES 


FOLDS IN THE LENS CAPSULE AFTER TRAUMA* 
A SIGN OF PARTIAL RUPTURE OF THE ZONULE 


BY 


JOHN L. BIGNELL 
Moorfields, Westminster and Central Eye Hospital 


CASE REPORTS 


Case 1. J. B., aged 42, engineer and sportsman was struck in the left eye by a squash 
ball on February 2, 1950. When seen 24 hours later the right eye was normal and 
the vision 6/9. The left eye showed conjunctival injection, a small skin laceration 
just lateral to the outer canthus, and a bright cornea. The anterior chamber contained 
a hyphaema which was thin enough to detect iridodonesis, with the pupil inactive to 
light. No red reflex was seen in the pupil area, vision being hand movements at one 
foot with accurate projection. The tension was full. During the next few days the 
hyphaema disappeared completely, showing a partial subluxation of the lens and a 
developing posterior sub-capsular traumatic cataract of typical appearance. The 
cataract developed until sufficiently dense to prevent a red reflex being seen in the 
pupil area and again retrogressed to the very considerable extent shown in the final 
examination. 

When discharged on February 12, 1950, he saw 6/5 right with —0.75 sph. The 
left vision was 6/24 with +0.5 sph. -1.0 cyl. at 20°. The cornea was clear and the 
anterior chamber contained numerous floating pigment particles. A dilated pupil 
and. posterior cortical lens opacities were still present. 

On March 1, 1950, his vision left was 6/24 unaided, having improved but 
little. The anterior chamber showed one or two floating pigment granules while the 
lens revealed posterior opacities much less apparent and folds in the anterior lens 
capsule much more prominent. In the retrolental space was a cloud of pigment 
particles. The fundus was well seen and showed normal appearances. On March 30, 
1950, vision left was 6/12 with correction. The horizontal folds in the anterior lens 
capsule showed as horizontal dark streaks on a red background when seen with the 
mirror (Fig. 1). 

When examined on August 24, 1950, he complained of inability to use the left eye 
when doing close work, having to close this eye with the fingers of his left hand to 
avoid an annoying blurred second image. He also complained of seeing flashes of 
light now and then. Examination of the left eye showed vision 6/9, the pupil 6 mm. in 
diameter as compared with 4.5 mm. in the right eye. The iris showed iridodonesis 
from 4 o’clock to 8 o’clock maximally. The vitreous and fundus appeared clear 
ophthalmoscopically. The right refraction was 6/6 with -0.5 Dsph.+0.25 Dcyl. 
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Fic. 1.—Case 1, left eye, folds 
in anterior lens capsule seen 
with the plane mirror, March 
1, 1950. 


Fic. 2.—Case 1, left eye, undulations 
of anterior lens capsule seen with the 
slit lamp, August 24, 1950. 


Fic. 3.—Case 1, left eye, opacity. in sub- 
capsular region, August 24, 1950. 


Cf , 
Fic. 6.—Case 2, right eye, showing 


Fic. 4.—Case 2, right eye, diagram of planes of the optical sections seen 
anterior chamber, October 9, 1950. in Fig 7 (a), (b), and (c). 





Fic. 5.—Case 2, right eye, appearances, 
October 9, 1950. 


(c) 


Fic. 7(a), (6), (c).—Case 2, right eye. Optical sections of anterior chamber 
and lens in three places, October 9, 1950. 
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at 60°, the near point being 27cm. The left eye had a corrected vision of 6/6 (2 letters) 
with —0.5 Dsph. +0.25 Dcyl. at 90°. Binocular vision with this correction was 
6/5 (-1). With a +2.0 Dsph. placed in front of the left eye, and using the left eye 
only, the near point was 38 cm. and the far point 48 cm. He wished to read at 
approximately 40 cm.; the refraction at this far point (48 cm.) was +2.0 sph. 
+0.25 cyl. at 90°, this giving the best reading correction at this distance. At the 
corresponding near point the refraction was +2.0 D sph. + 1.0 Dcyl. at 90°. Vision 
for reading at 40 cm. was equalized with the correction of right + 0.25 cyl. at 50°, and 
left +2.0 Dsph. +0.5 Dcyl. at 90°; this was ordered and he was comfortably 
binocular over several pages on testing. 

The left lens when seen with the slit lamp showed the undulations of the anterior 
capsule shown in Fig. 2. Beneath each prominence there was a slight opacity, while a 
very faint opacity still existed in the sub-capsular region (Fig. 3). The anterior 
chamber remained relatively deep, especially above. 

COMMENT.—It is considered that this case demonstrates the effects of 
partial rupture of zonule fibres as revealed by the localized iridodonesis, 
deep anterior chamber, and change of refraction and astigmatism when 
the patient attempted to accommodate, with stress folding of the 
anterior lens capsule due to unequal tension of the zonule. 


Case 2. P. H., aged 9, schoolboy, was struck in the right eye by an arrow on 
August 29, 1950, and, according to reports, could distinguish only light from darkness 
on that day with the injured eye. The following day an operation was performed, at 
which an iris prolapse at 9 o’clock in the right eye was abscised. On admission on 
September 21, 1950, right vision was hand movements with accurate projection. The 
conjunctiva showed ciliary injection. There was a corneal wound at 9 o’clock healing 
well. No keratitic precipitates were present, and the anterior chamber was filled with 
floating particles. The pupil was fully dilated, the iris showing an operative coloboma. 
from 8 o’clock to 10 o’clock. The lens was relatively clear, revealing a hazy vitreous 
with haemorrhages, and oedema and haemorrhages at the macula and also over a 
large part of the retina. The tension was normal. Vision left eye was 6/6 with 
+0.5 sph. and otherwise normal. 

With atropine and rest the vitreous haze cleared considerably and the patient was 
discharged on October 9, 1950, when the appearances were as follows: 

Corneal opacity“at 9 o’clock adjacent to the limbus. The anterior chamber was 
shallow laterally and deep medially (Fig. 4). Laterally there was an operative coloboma 
of the iris, the pupil being very widely dilated. The lens was clear but dark streaks 
across it could be seen with the retinoscope. There was an irregular refraction’ when 
looking at the fundus. The vitreous was slightly hazy and the fundus showed a hole 
at the macula, with a vertical tear with greyish margins and a white face, a large wide 
choroidal tear infero-temporally, and a grey oedematous area nasally, no true retinal 
detachment being seen. The lens showed a posterior sub-cortical opacity, 2 mm. in 
diameter, 1 mm. from the temporal edge at 9 o’clock (Fig. 5). The slightly serrated 
equator of the lens was visible at 8 o’clock past the iris coloboma edge, and a very fine 
radial striated appearance was present, running from the equator of the lens outwards. 
The lens was dislocated medially as shown by a portion of this edge of the lens, and 
thus, laterally on slit-lamp section, the lens was very thin and folds had begun to 
appear in the posterior capsule. In the centre of the pupil these folds were seen grossly, 
but medially, the posterior capsule was again quite regular (Figs 6 and 7 a, b, and c). 
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The anterior lens capsule was smooth and right vision was counting fingers at 50 cm. 
Left vision was 6/5 and the eye normal. Although no refraction was possible in this 
case, from examination it is seen that the lens is dislocated forwards with folds in the 
posterior capsule, presumably due to partial rupture of the zonule. 


SUMMARY OF CASES 


The first case shows: 
(a) Folds in the anterior lens capsule. 
(6) Lens displaced backwards. 
(c) On refraction, changes in the cylinder required when accommodating. 


The second case shows: 
(a) Folds in posterior lens capsule. 
(6) Lens displaced forwards. 
(c)Anterior leaf of zonule visible laterally through the coloboma and appearing 
intact. 
CONCLUSIONS 


(1) The folds in the lens capsule showing clinically as parallel 
shadows when viewed by retro-illumination, and as an undulating 
surface of the lens on slit-lamp examination, are the result of partial 
ruptures of the zonule. 

(2) Since these findings were associated in both cases with bodily 
shift in the lens (usually held to be impossible without some rupture 
of the zonule), there had in fact been a rupture of the zonule, 
producing the consistent effect of a cylindrical refractive change in 
the first case. 

(3) The fact that the anterior zonule fibres were intact at the point 
of maximum displacement of the lens in the second case indicates 
that the partial posterior zonule rupture produced posterior lens 
capsule folds. 


My acknowledgements are due to Mr. J. E. M. Ayoub (first case) and to 
Mr. C. Dee Shapland (second case), from whose material at the Moorfields, Westminster 
and Central Eye Hospital, Moorfields Branch these cases were drawn; and to 
Miss Joy Trotman for her excellent pictures. 
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ADENOMA OF THE LIMBAL CONJUNCTIVA* 
BY 


J. FRANCOIS AND. M. RABAEY 


From the Ophthalmological Clinic of the University of Ghent 
Director: Prof. J. Francois, M.D. 


ADENOMATA of the bulbar conjunctiva and particularly of the limbus 
are extremely rare, and we have been able to find only four cases 
reported: 


Schirmer (1891).—A small adenoma with a smooth surface, situated on the 
conjunctiva between the insertion of the medial rectus muscle and the semilunar plica. 
The tumour was 2 mm. high, with a diameter of 2.5-3 mm. Microscopic section 
shows glandular tissue, the gland lobules being composed of a single layer of cylindrical 
epithelial cells. 


Duclos (1921).—A cystic adenoma of the bulbar conjunctiva, situated near the 
semilunar plica, probably derived from a Krause’s gland. 


Drak (1925).—Cystic papillomatous adenoma situated near the limbus between the 
lateral and superior rectus muscles. 


Dame (1946).—Adenoma measuring 8 x 8.5 x 3 mm., of which 2.5 mm. extended 
over the bulbar conjunctiva, centring in the 7 o’clock position, and 6 mm. over the 
cornea. It is, however, more probable that the whole tumour had its origin in the 
limbal conjunctiva. Microscopic section shows well-formed acini of what is apparently 
a functioning lacrimal gland. 


Marshall (1929).—This is not so much a true adenoma, as an epithelioma 
(Epithelioma adenoides cystica). Microscopic examination reveals squamous epithelial 
cells between which we may observe cystic cavities and also areas of mucoid degeneration 
(reported by Duke-Elder). 


We have had the opportunity to observe a case of true adenoma of 
the conjunctiva situated on the limbus. 


CASE REPORT 


On February 16, 1950, a woman aged 36 came to the ophthalmological clinic with a 
small tumour on the right eyeball. She remembered having observed it for the first 
time at the age of 10 years, and it had recently started growing slowly (Fig. 1). 

Examination—The eye presented a yellowish, well-defined, rather thin tumour, 
measuring 5 x 3.5 mm., situated on the limbal conjunctiva between 3.30 and 5 o’clock. 
It did not adhere to the deep layers and had a rich vascularization, best noticeable on 
the surface, which was irregular and embossed, especially near the corneal margin. 
Slit-lamp examination distinctly revealed three cyst-like formations in the lower parts 
of the neoformation. Three large blood vessels, issuing from the semilunar plica and 
the inner part of the conjunctiva, converged to the tumour, where they branched out. 
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Fic, 1.—Appearance of right eye before operation. 
Vision.—Right eye improved to 20/20 by +3.5 D., left eye to +2.75 D. The eyes 
were otherwise normal, and we could find no congenital anomalies, either in the eye or 


in other parts of the body. 
Operation.—The tumour was removed completely. Fixation in formol 10 per cent. 


Convalescence uneventful. 
Histological Report.—Microscopic sections show the typical structure of an adenoma. 


We see four glandular, isolated lobules, supported by fibrous conjunctival tissue, which 
undoubtedly correspond to the small cystic formations seen by slit-lamp examination 
(Fig. 2). The external surface appears to be normally epithelializeda. “This squamous 


Fic, 2,—Small cystic formations seen by slit lamp, Obj. 3.5:1. 
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Fic. 3.—Small area in which squamous Fic. 4.—Structure of adenoma. Obj. 
epithelium is absent. Obj.8 mm. x 125. 8 mm. X125. ; 
epithelium is missing for a short distance in one single area, close to the largest lobule 


(Fig. 3), where the tubuli are in immediate contact with the outside. 

The adenoma presents a structure which is almost identical with that of the main 
lacrimal gland, being composed of tubuli and acini, covered by cubical or prismatic 
epithelial cells, with the nucleus near the base (Figs 4 and 5). 


In some glandular acini may be observed an incipient papillomatous proliferation 
of the wall (Fig. 6, overleaf). In some sections a short excretory duct, covered by 


lower cells and passing through the epithelium, is seen (Fig. 7, overleaf). 
After thionine staining, light metachromatic granulations appear in the upper part 


of the cytoplasma of nearly all cells. 'We may conclude that a secretion does exist. 


Fic. 5.—Structure of adenoma. High-power view of Fig.4. Obj. 8 mm. x 500. 





Fic. 6.—Incipient papillomatous Fic. 7 —Short excretory duct passing 
proliferation. Obj.8mm. x175. through the epithelium. Obj. 8 mm. 


x 175. 


DISCUSSION 
Several glandular formations, such as the glands of Krause, 


Wolfring-Ciaccio, and Henle, can be found only in the conjunctiva 
of the eyelids and of the fornix. The caruncle also contains 
sebaceous glands and modified sweat- and lacrimal glands. The 
orbital lacrimal gland is developed during the third month of foetal 
life by about eight epithelial buds from the upper and temporal 
side of the conjunctival sac. 

The glands of Krause are accessory lacrimal glands with the same 
structure as the main lacrimal gland. They are developed between 
the fifth and the seventh month of foetal life, as growths of the basal 
cells of the conjunctival fornix. In the upper fornix there are from 
twenty to forty glands and in the lower six to eight. 

The glands of Wolfring-Ciaccio are larger than those of Krause, 
but have the same structure. They are situated on the superior 
tarsal border of the upper eyelid between the extremities of the 
glands of Meibomius. 

The glands of Henle occur in the palpebral conjunctiva between 
the tarsal plates and the fornix; they are probably not true glands, 
but folds of the mucous membrane. 

The glands of Krause and Wolfring may give rise to adenomata in 
the conjunctiva which will be found, like these, near the conjunctival 
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sac. This we meet in the cases of Rumschewitsch (1890; 1902) and 


Salzmann (1891), where the tumours are situated near the superior 
border of the tarsus of the upper eyelid. 

It is much more difficult to understand the presence of adenomata 
on the bulbar and especially on the limbal conjunctiva. There are 
no normal glandular formations in the bulbar conjunctiva. All 
adenomata found there show, however, a structure analogous to 
the main and accessory lacrimal glands, and we may perhaps assume 
that these adenomata are developed by ectopic lacrimal buds. 

There might be, however, another, phylogenetic, explanation. 
Glands are found in the bulbar conjunctival area and, what is even 
more important, in the limbal area of several animals. Sweat-glands 
have been described in the bulbar conjunctiva of the goat, the pig, 
and the ox. The glands of Manz (1859) have been seen in the limbal 
area in the pig, the lamb, the ox and the fox, and they have also been 
described in the human subject, though this is not generally accepted 
(Wolff, 1948). This suggests that adenomata of the limbal 


conjunctiva may arise from the remains of the glands of Manz. 
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OPHTHALMOMYIASIS IN ENGLAND* 


BY 


REDMOND SMITH 
From the Moorfields, Westminster and Central Eye Hospital, London 


THE following case is thought to be of interest, as there seems to be 
no previous record of the condition described occurring in England. 


Case Report.—A male, aged 34, a motor fitter, attended the casualty department at 
the Moorfields, Westminster and Central Eye Hospital, on the afternoon of August 6, 
1950, complaining of pain in the right eye. The pain had started one hour before, 
just as he was bending over the luggage boot of his car, when he had felt a sensation 
like a drop of water falling into the eye. 

There was no previous history of eye disease, and he had not been overseas since 1945. 

Examination: VA, R and L, 6/6. Left eye appeared normal. Right eye showed mild 
conjunctival injection, profuse lacrimation, and considerable chemosis, especially of 
the lower fornix. The conjunctival sac was infested with larvae. There were about 
twenty present, white in colour, about one mm. long by + mm. wide, flattened, with a 
black head-end and actively motile. 





FiGure.—Oestrus ovis larva, August 6, 1950. (x 67) 


The larvae were removed with fine forceps after cocainization, which, incidentally, 
did not abolish their motility. Two days later the eye was white and the patient was 
symptom-free. 

Larvae.—Professor P. A. Buxton identified the larvae as the first instar of Oestrus ovis 
(Sheep Bot). The fly is a smallish grey larviparous insect. It hovers near the heads 
of sheep and deposits a milky, larvae-containing fluid in the animals’ nostrils. The 
larvae migrate thence into the nasal passages and cranial sinuses where they mature. 
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Distribution is world-wide in sheep and in certain types of deer and goats, but human 
infestation seems common only in certain localities, and then usually among shepherds. 


The eye is the usual site of human infestation. The Tuaregs of 
the Sahara are commonly affected, and they call the affliction 
“‘Thimini”. Cases have been reported fairly frequently from 
North Africa, Southern France, and Eastern Europe, and there have 
been a few in North and South America, and one in Honolulu. 

The clinical picture in most cases has been similar to that just 
described. Corneal ulcers have, however, been noted, and in one 
case an O. ovis larva was found in a conjunctival cyst. Intra-ocular 
invasion or migration down the naso-lacrimal duct is said to occur, 
but no cases have been noted in the literature. Some intra-ocular 
cases have possibly been due to other parasites. Hypoderma bovis, 
for example, is known to penetrate intact skin with great rapidity. 
Portichinsky states that the larvae of O. ovis usually die within 
10 days in the human conjunctival sac. 

A peculiar feature of this case was the fact that the patient, who 
lives in a completely built-up area, had not been out of London for 
some months. His car, however, had just been brought back from 
Devonshire by his brother who had borrowed it for his holiday. 
Possibly the fly had become trapped in the luggage boot, and on 
being released from captivity discharged its larvae, at the first 
opportunity. 


SUMMARY 


A case is described of O. ovis infestation of the conjunctival sac, 
occurring in London. Investigation of the literature (see Bibliography 
below) has revealed no similar case in England. 


My thanks are due to Mr. J. D. M. Cardell for permission to publish the case, to 
Professor Buxton who kindly identified the larvae, and to Dr. Norman Ashton for 
- his help arid encouragement in preparing the paper. The photograph was taken by 
the Photographic Department of the Institute of Ophthalmology, London. 
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MARFAN’S SYNDROME WITH RETINAL 
DETACHMENT* 
BY 
JAMES R. HUDSON 
London 


SINCE the account of arachnodactyly by Marfan (1896), and the 
observation of its association with ectopia lentis by Salle (1912), a 
large number of cases has been described. The subject has been 
fully reviewed by Rados (1942), whose paper includes a statistical 
survey of all cases (numbering 204) described in the literature up 
until 1940, and an extensive bibliography. The prominent features 
of the syndrome are well known—elongation of the long bones, with 
long slender fingers and toes, spinal deformity, congenital heart 
disease, and ectopia lentis accompanied by miosis (Ormond, 1930). 
Opinion as to the hereditary nature of the condition varies. Strebel 
and Steiger (1915) reported a family in which ectopia lentis was 
associated with high myopia and congenital heart disease, Mann (1937) 
states that ectopia lentis linked with arachnodactyly is seldom an 
hereditary condition, and several other authors (Weve, 1931; Duke- 
Elder, 1937; Doggart, 1949) comment on the strongly hereditary 
character of the disease, which affects both sexes and is transmitted 
as a dominant characteristic. A perusal of the literature has revealed 
a description of only two cases of retinal detachment in association 
with the disease (Fischbach, 1937; Cassidy and McFarland, 1947). 
These were in a male child aged one-and-a-half years, and in a 
male adult aged 52 years, respectively. It is, therefore, hoped. that 
the present case report may be of interest. The early recurrence 
of the detachment with spontaneous resolution following a short 
period of rest was a striking feature. 


CASE REPORT 


Miss D. B., aged 24 years, a typist, attended Moorfields Hospital on September 2, 
1949, complaining of blurring of vision in the upper temporal field of the left eye during 
the previous three months, and of the appearance of a shadow over this area of the 
field, which had extended to obscure most of the field of the affected eye during the 
three weeks prior to. her examination at the hospital. The patient exhibited the 
general physical features of Marfan’s syndrome, including arachnodactyly, poor 
muscular development, and congenital heart disease. 


Ocular Examination—Movements full. Right eye 6/12 with correction 
(+4.00 D. sph.); eye white, anterior chamber deep, pupil active, iris tremulous, lens 
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transparent and dislocated downwards, vitreous opacities, fundus normal, tension 


normal. 

Left eye 6/36 with correction (+8.00 D. sph.); eye white, anterior chamber deep, 
pupil active, iris tremulous, lens transparent and disl located downwards, vitreous 
opacities, protrusion of the vitreous face through the pupillary aperture, almost total 
retinal detachment deep nasally and shallow temporally. 

Further examination of the fundi under a mydriatic revealed nothing abnormal in 
the right eye. The left eye showed an almost total detachment of the retina, deep 
nasally and shallow temporally, with the appearance of a dialysis extending from 
7 to 10 o’clock. 

Operative treatment was delayed for two reasons, first to allow time for any possible 
improvement in the detachment, and secondly because the patient was anxious to 
have a general anaesthetic. The opinion of a physician was sought and Dr. J. S. Stead 
reported the presence of aortic regurgitation. Although the congenital heart disease 
was not of a cyanotic type, he considered the risk of a general anaesthetic unjustifiable, 
and the patient later decided to submit to operation under local anaesthesia. 

Operation.—This was carried out on September 19, 1949, under topical and retro- 
ocular anaesthesia. The internal rectus was exposed and divided, and a barrage of 
surface diathermy was laid down, extending back from the ora at 7 o’clock, to 15 mm. 
from the limbus, and forward to the ora at 10 o’clock. Ophthalmoscopic examination 
then revealed what appeared to be a further small dialysis at the lower edge of the 
diathermy reaction, and this was included in a further small barrage extending to the 
insertion of the inferior rectus. Diathermy puncture was performed within the area of 
the original barrage. The internal rectus was re-attached and the conjunctiva sutured. 

The patient was discharged from hospital on October 7, 1949, four weeks after 
admission. The right eye was unchanged. The left eye was whitening with a clear 
cornea, pupil half-dilated and inactive, slight vitreous haze, retina in place in all areas 
with pigmenting diathermy reaction peripherally in the nasal half, tension low to 
normal, and visual acuity 6/18 with +7.00 D. sph. + 1.00 D. cyl. at 10°. 

Recurrence and Spontaneous Resolution.—Two weeks later the patient was seen again 
in the out-patient department with a recurrence of her symptoms. On examination 
the left eye showed a large balloon detachment, the corrected visual acuity being 
reduced to 4/60. On October 28, this had increased to a total detachment. On 
re-admission to hospital after 9 days, during which the patient had rested in bed at 
home, the retina was observed to be in place, and it remained so after the patient was 
allowed up. When she was seen again on January 17, 1950, the visual acuity of the 
right eye was 6/18 with glasses, and of the left eye 6/12 with glasses. The retina was in 
place in all areas. The tension of the eyes was normal. 

The patient unfortunately developed heart failure and died on February 23, 1950. 


I should like to thank Mr. R. C. Davenport, under whose care this case was admitted, 
and members of the Medical Committee at Moorfields Hospital for their permission to 
make use of the hospital records of the case. 
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APPLIANCES 
PROJECTION SCOTOMETER* 


BY 


FRANK A. JULER 
London 


I have now used this apparatus for some 13 years, and I wish to 
confirm that it has definite advantages over the routine use of 
Traquair’s disks on the black Bjerrum screen. 

The apparatus was described by me in 1939, but during the war 
its manufacture was held up and it has only recently been put on the 
market again in an improved form. 

The projection lamp throws a circular spot of light on to the 
grey flat screen, which is mapped out by grey threads into circles 
and radii of tangent values at one metre. The circular spots are 
variable from 0.5 to 30 mm. in diameter. The intensity of the 
stimulus can be varied by altering the illumination on the grey screen. 
Red and green colour filters are also available. 

The advantages of this apparatus over Traquair’s disks and 
holder lie in the ease, certainty, and rapidity with which it can be used: 


(i) There is no reflection from a metal holder of the disk, nor any visibility of surgeon’s 
hand to distract the patient’s attention. 


(ii) No pins are required on the screen to map out the scotoma which is later 
transcribed to a chart. The scotomata are marked directly on to a chart by the 
observer, as he reads from the grey screen. For this reason I prefer to have no auto- 
registration mechanism as this takes time for preliminary adjustment. 





Fic. 1.—Optical “ pistol” in its simplest form for holding in the 
hand (3 actual size). This model can also be used in perimetry, if a grey 
cloth covers the arc of the instrument. 
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Fic. 2.—The patient is seated with his eyes at one metre from and opposite 
to the fixation centre of the screen. The model shown has auto- 
registration on to a chart, marked by a pricker from a foot pedal. In the 
simpler form, without auto-registration, the mapping is pencilled directly 
on to a chart held in the hand. 





The simplest is a light hand model (Fig. 1), but there is some 
advantage in having the model on a stand, pivoting on a joint so 
that it is set at a convenient height (Fig. 2). With the stand, both 
the surgeon’s hands are available for marking the charts.+ 


REFERENCE 
Juer, F. A. (1939). British Journal of Ophthalmology, 23, 239. 


+ Both these models and one with auto-registration can be supplied by C. Davis Keeler and Co., 
39, Wigmore Street, London, 
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BLUE-PRINT FOR A CORNEAL TREPHINE* 


BY 
A. J. BOASE 
Uganda 


Excision of a keratoplastic disk with the conventional circular 
trephine is effected by a succession of clockwise and anti-clockwise 
movements. As the blade is turned the tissues are subjected to a 
frictional stress which must cause some mechanical distortion. 
Reversal of the cutting movement reverses the direction of the stress 
and therefore of the distortion. The result is an imperfectly planed 
surface. An analogy is to be seen in the surface of a slice of bread 
cut with to and fro movements of a knife. Skill and perfect tools 
may minimize the effect, but it will be there nevertheless if only in 
microscopic proportion. If the cutting is done in the same direction 
throughout, the stress and distortion will be uniformly distributed 
and a perfectly smooth surface should result. To do this with the 
ordinary trephine would mean releasing it to obtain a fresh hold, or 
lifting and re-applying it. To the first it may be objected that the 
trephine would momentarily be unsupported, and to the second that 
accurate re-position depends too much on the factor of skill. 


From these considerations the idea arises that it might be 
advantageous to have the trephine blade operating within a rigid 
sleeve temporarily affixed to the cornea and held by the other hand. 
The advantages to be expected are: 


(a) just as it is easier to cut material when it is held taut, so it should be easier to cut 
the corneal tissue if the latter is held back against the rotary pull of the trephine; 

(b) the affixed sleeve should afford a compensatory outward pull against the inward 
thrust of the trephine, thus reducing the risks attendant on compression of the globe; 

(c) during the actual cutting process the eye would be held largely independent of 
forceps or stay sutures; 

(d) the trephine blade might have a longer life, for even a blunt knife cuts cleanly 
against material on the stretch. 


Two methods of fixing the sleeve to the cornea suggest themselves. 
The first is that of Goldmann for attaching a metal ring to the 
cornea for x-ray localization of foreign bodies. As described by 
Foster (1948), the under surface of this ring bears four obliquely 
directed hooks, and when “ applied by a twist of an applicator to a 
scleral or corneal surface it adheres firmly without causing 
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permanent damage”. Adapted to the present purpose, the piercing 
direction of the hooks would necessarily be opposite to that of the 
cutting section, that is anti-clockwise where the trephine is turned 
clockwise. The applicator would of course be the sleeve itself. 

The second method is by corneal sutures tied over lateral flanges 
after the manner of the tantalum trephine guide and splint described 
by Pittar (1949). Using an eyed needle, one arm of the bight of the 
suture would be expended on the sleeve and the other held in reserve 
for the subsequent retention of an acrylic disk (Stallard, 1950). 

For convenience the sleeve 
should not be shorter than can 
comfortably be held between 
—Handle finger and thumb; 3 cm. or 
one inch should be ample. Its 
surface should be rough to give 
a non-slip hold. The internal 
diameter should ensure a close 
—lLock fit with the blade except that 
the distal opening might 
profitably be funnel-shaped to 
facilitate introduction of the 
blade. To allow for attachment 
of the hooks the thickness of 
the wall might have to be 
about 1.5mm. With a 5-mm. 
a blade the external diameter of 
ay’ Sleeve the sleeve at its proximal 

(corneal) end would thus be just 
over 8 mm., which leaves 
sufficient room for prior inser- 

tion of retention sutures. 
Blade Detachable and expendable 
trephine blades are the ideal. 
Made to the pattern of the 
hollow cylindrical blades used 
in Elliot’s glaucoma trephine 
---- P they should be of such length 
BORE Si eh ae eA eae -...>-+.,a8 would allow protrusion 
“** beyond the sleeve of about 
1.25mm. The manner ofholding 
pice ally ate Ragen blk corneal the blade within the handle is 
important as, for reasons which 
follow, the latter must be hollow. A satisfactory device is that used on 
Hamblin’s Lister-Morton ophthalmoscope, an_external collar-screw 
operating against an internal flange. Within the handle there 
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250 A. J. BOASE 


should be a shoulder to prevent the blade’s being pushed too far in; 
alternatively the blade could be etched at a point designed to be 
flush with the end of the handle. It will be seen that when the blade 
has cut through the cornea the handle will come up against the 
sleeve, thus providing an automatic stop. 

As a preliminary to the excision of the disk, a suture taking a 
double bite through the outer layers of the cornea is passed through 
sleeve, blade, and handle (hence the hollow handle). This suture 
is for traction on the disk, with the twofold object of preventing its 
displacement into the anterior chamber and of keeping the cornea 
pressed against the blade. It has, therefore, to be held taut, and in 
such a way that the surgeon need pay no attention to it or be obstructed 
by it.. A simple device would be to have two slits opposite each 
other at the distal end of the handle into which the ends of the suture 
could be jammed, on the principle of a jamming cleat. As the 
trephine turns, the two arms of the suture will be wound spirally 
upon each other, and the slack which would otherwise result as the 
blade goes deeper will be taken up. Moreover, if the ratio of 
cutting-effect to trephine-revolution lags behind the optimum, either 
through timidity on the part of the surgeon or through bluntness of 
the blade, the threads will be twisted more closely together to a 
point when they will exert an actual pull on the cornea, the effect of 
which should be to make the blade cut deeper with each turn. 

The support and directional guidance afforded by a contact sleeve 
should allow some latitude in the design of the blade. Instead of the 
conventional flat circular edge it is suggested that the blade might 
be shaped like a curved keratome or a quill pen, so adjusted in 
relation to handle and sleeve that its first limited objective would be 
to perforate the cornea, thereafter cutting out the disk in much the 
same manner as an air-tight tin is opened by means of the patent 
cutter in the lid. To counteract distortion due to lateral drag there 
should be two such cutting edges diametrically opposite each other. 
A theoretical advantage of such a design is that Descemet’s 
membrane would be cut from the start, whereas with the circular 
edge there is the risk that the membrane may be pushed before the 
blade without being cut, especially if the blade be blunt in parts. 
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BOOK REVIEWS 


Augenfarztliche Eingriffe. By J. MELLER. Sixth edition, ed. J. BGck, 1950. Springer, 
Vienna. Pp. 494 + ix, 281 illus., some col., index. (95s.). 

This manual of ophthalmic surgery is an old friend and needs no introduction. 

Since it first appeared in 1918 it has gained a world-wide public and for very good 


reasons. First, the author, a teacher of wide experience, described only those 
operations which he himself had tried and found good, and secondly, knowing the 
difficulties which the beginner would encounter he told in great detail how these were 
to be avoided, the various stages of the procedures being illustrated by excellent pictures. 

In the preface to the fifth edition Professor Meller, having passed his seventieth 
birthday, said goodbye to his readers, and although he has written the preface to this 
sixth edition, the actual revision had been undertaken by Dr. Bock, one of his assistants, 
who follows closely in the steps of his master. Many of the procedures inevitably 
differ from those practised in the United Kingdom. The work has been brought 
up-to-date by accounts of the newer operations, such as keratoplasty, scleral 
resection, Stallard’s method of treating retinoblastoma with radium. 

Taken all in all, this is a very good book, and although the difficulty of language will 


prevent a great many from deriving all the benefit which it contains, it remains one 
of the best text-books on the surgery of the eye. 


Eye Manifestations of Internal Diseases (Medical Ophthalmology). By I. S. TASSMAN, 
Third edition, 1950. Henry Kimpton, London. Pp. 672, 279 illus., 25 col., 
bibliographies. (84s.). 

Those who know the previous editions of this book will be glad to learn that a third 
has now appeared. In this most recent edition the general plan and arrangement 
have been changed very little, but the book itself has been expanded and new illustrations 
added. The more important new material includes such conditions as retrolental 
fibroplasia, Harada’s disease, Behcet’s syndrome, Sjégren’s syndrome, malignant 
exophthalmos, scrub typhus, pseudoxanthoma elasticum, and the ocular effects of 
maternal rubella, and there is also a section on psychosomatic disorders, The 
bibliographies have been brought up to date and the new edition, which maintains the 
excellence of its predecessors, is a valuable adjunct to ophthalmic literature. 


Reviewed in Ophthalmic Literature 


Year Book of Eye, Ear, Nose and Throat. Ed. D. Vam and S. J. Crowe, 1950. 
Year Book Publishers, Chicago. Pp. 446, 138 illus. ($5). 


Encyclopedia of the Eye—Diagnosis and Treatment. By C. BERENS and E. SiEGEL. 
1950. J.B. Lippincott, London. Pp. 272, 76 illus., 42 col. (40s.). 








NOTES 


ON the occasion of the 315th anniversary of the foundation of the 
University of Utrecht the Senate conferred the degree of Doctor of 
Medicine, honoris causa, on Sir Stewart Duke-Elder on March 16, 
1951. 


Mr. A. G. Cross has been appointed Dean of St. Mary’s Hospital 
Medical School, Paddington, W.2, and will take up his duties in 
October next. 


OBITUARY 


GEORGE FORBES ALEXANDER 


The death of G. F. Alexander on February 20, 1951, has removed 
one of the oldest members of the Ophthalmological Society of the 
United Kingdom. He graduated at Edinburgh University as M.B., 
C.M. (in 1883) and served for 20 years with the R.A.M.C. On 
taking up ophthalmology he worked in the Ophthalmic Hospital of 
St. John of Jerusalem as registrar, and was later Ophthalmic 
Surgeon at Scarborough Hospital (1914-1932), but withdrew in 1932 
to the Isle of Man where he died at the age of 90 years. He was 


an enthusiastic member of the Ophthalmological Society of the 
United Kingdom, and from the time of his election in 1912 
contributed to most of the annual congresses of that body ; he also 
published books on the optical aspects of ophthalmology in 
1923 and 1934. 
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COMMUNICATIONS 


EXPERIENCES WITH MALIGNANT 
EXOPHTHALMOS* 
RELATIONSHIP OF THE CONDITION TO THYROTOXICOSIS 
AND TO THE PITUITARY THYROTROPIC HORMONE 
: BY 
MURRAY A. FALCONER AND W. STEWART ALEXANDER 


From the Neurosurgical Unit and Department of Pathology, Otago Medical School 
and Dunedin Hospital, New Zealand 


ANYONE confronted with a case of severe malignant exophthalmos, 
who searches the literature for guidance in therapy, must soon 
perceive the confusion of thought and experience that exists regarding 
this condition, the solution of which is one of the most pressing 
problems facing thyroid surgery today. By some, the administration 
of thyroid is claimed to cure the condition, while others recommend 
such measures as orbital decompression, the administration of sex 
hormones, and irradiation of the pituitary. None of these remedies, 
however, produces consistently good results, and there are authorities 
who will disclaim each one of them. Even the aetiological basis of 
the condition is in dispute. Undoubtedly there is a connection 
between malignant exophthalmos, the secretion of the pituitary 
thyrotropic hormone, and thyrotoxicosis, but the relationship seems 
to be indirect and the connecting linkages are unknown. The current 
theories concerning the condition will, therefore, be reviewed. 
Fortunately malignant exophthalmos is uncommon. It may be 
defined as that type or phase of Graves’ disease in which the eye 
component is more noticeable than the thyrotoxic (Means, 1948). 
In the common form of “ exophthalmic goitre”’ there may be, 
besides a goitre and manifestations of thyrotoxicosis, a retraction of 
the upper eyelid which gives the appearance of stare. The degree 
of protrusion of the eyeballs however is slight, and not sufficient to 
endanger them. Further, the stare recedes after thyroidectomy 
pari passu with the relief of thyrotoxic symptoms; but in a very small - 
minority of patients the protrusion of the eyeballs may increase and 
be associated with varying degrees of weakness of the oculomotor 
muscles (ophthalmoplegia). Indeed the protrusion may become so 
marked that the eyeball is endangered from exposure of the cornea. 
We then have the condition known widely as “‘ malignant exophthal- 
mos ” (Rosenbaum, 1937; Robertson, 1945), and also under other 
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names such as “ exophthalmic ophthalmoplegia” (Brain, 1938; 
Mann, 1946), “ hyperophthalmopathic Graves’ disease’ (Means, 
1948), “ progressive exophthalmos ”’ (Naffziger and Jones, 1932; 
Haik, 1944), “thyrotropic exophthalmos” (Mulvany, 1944), 
*exophthalmos of endocrine origin”? (Martens, 1947), “ chronic 
orbital myositis ” (Offret, 1939; Dunnington and Berke, 1943) and 
** pseudotumour of the orbit ” (Hope-Robertson, 1947). 

This range in nomenclature indicates that there are many variations 
in the way this condition may manifest itself. The term “‘ malignant 
exophthalmos ” seems to us appropriate because it is a fair descrip- 
tion, and yet is non-committal regarding aetiology. 

There are other distinctions between malignant exophthalmos and 
exophthalmic goitre. The former occurs at or close to the climacteric 
and affects males more frequently than females, whereas the latter 
occurs usually in young adults and is much commoner in women 
than in men (Mulvany, 1944; Martens, 1947). Malignant 
exophthalmos, although sometimes associated with a toxic goitre, 
can occur without enlargement of the thyroid and without thyro- 
toxicosis. Indeed,-it quite often follows thyroidectomy for toxic 
goitre, the nervousness and irritability of thyrotoxicosis being 
relieved, but the ocular protrusion becoming exaggerated. Malignant 
exophthalmos and exophthalmic goitre therefore appear to behave 
as two distinct, although probably related, conditions. 

Now the eyes signs of Graves’ disease are of two distinct types. 
First is the stare produced by retraction of the upper eyelid, which 
characterizes exophthalmic goitre and which disappears when the 
thyrotoxic symptoms are relieved. There is no agreement as to its 
mechanism. Pochin (1939) considers it to be due to spasm of the 
levator palpebrae superioris, a striated muscle supplied by the third 
cranial nerve, and he believes that sympathetic over-activity has 
nothing to do with it. Mulvany (1944) however considers that lid- 
retraction is due to spasm of Muller’s palpebral muscles, which are 
smooth muscles forming part of Landstrém’s circular muscle and 
innervated by the sympathetic. Second is the state of true protrusion 
of the eyeballs. This protrusion is independent of lid-retraction, for 
after thyroidectomy it may actually advance while lid-retraction is 
receding (Soley, 1942; Salter and Soley, 1942; Mulvany, 1944). 

Rundle and Pochin (1946), in analysing post mortem the orbits 
of seventeen cases of thyrotoxicosis, found an increase in the fat 
content, both within the orbital muscles increasing their bulk and 
within the fibro-fatty interstitial tissue. They felt it was this increase 
in fat which displaced the eyeball forward. Whether this same 
increase of orbital fat occurs in malignant exophthalmos as in toxic 
goitre remains to be confirmed, but it is attractive to feel that the 
condition in the former is but an exaggeration of what occurs in the 
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latter. Rundle and Wilson (1944) have added rather convincing 
evidence that the swelling of the eyelids so commonly seen in Graves’ 
disease is also due to deposits of fat and not to oedema. Means 
(1948) however, in commenting upon this, points out that, although 
oedema may be absent during the milder phases of the exophthalmic 
process, it is certainly present in the orbital structures during the 
severest phases, no example of which is included in Rundle and 
Wilson’s material. 


That the extrinsic muscles of the eyeball are swollen in malignant 
exophthalmos to from three to eight times their normal size, and that 
this swelling by displacing the eyeball is the major factor in producing 
exophthalmos, was first shown by Naffziger who devised the operation 
of orbital decompression for the condition (Naffziger and Jones, 
1932; Naffziger, 1933 and 1938). In Naffziger’s material the 
muscles showed oedema and round-cell infiltration, often of a peri- 
vascular pattern, with loss and destruction of muscular fibres and 
an increas in the fibrous tissue, but some surgeons have not observed 
swollen orbital muscles during decompression of the orbit, nor have 
they seen appreciable benefit follow this operation (Robertson, 1945; 
see also our Case 6, p. 266). 

Concerning aetiology, it is now well established that exophthalmos 
can be produced in experimental animals by the administration of 
pituitary extracts but not by thyroxin (Brain, 1938; Mulvany, 1944; 
Salter and Soley, 1944; Mann, 1946; Dobyns, 1946; Martens, 1947). 
Whether these results can be applied to Man, with his differently 
constructed orbit, is not certain. None the less, several authorities 
have argued that the proptosis of malignant exophthalmos is due, 
not to the thyroid hormone, but to an excess secretion of the pituitary 
thyrotropic hormone (Brain, 1938; Means, 1942 and 1944; Salter and 
Soley, 1944; Robertson, 1945; Mann, 1946; Martens, 1947). 
Thyroxin and pituitary thyrotropin are known to be antagonistic, 
both in vivo and in vitro, and several observers have reported remissions 
in cases of malignant exophthalmos after the administration of 
thyroid (Mulvany, 1944; Salter and Soley, 1944; Robertson, 1945; 
Mann, 1946), though others have seen no benefit from thyroid 
therapy (Thomas and Woods, 1936; Means, 1948). Again, it 
should be remembered that in myxoedema, where an increase of 
pituitary thyrotropin usually occurs in the blood, exophthalmos does 
not develop. (Purves and Griesbach, 1949). 


Recognizing ‘these and other difficulties, Mulvany (1944) has 
attempted to distinguish two types of exophthalmos, which he 
designates as “ thyrotoxic exophthalmos ” and “ thyrotropic exoph- 
thalmos ” respectively. Thyrotoxic exophthalmos, he considers, is 
due primarily to excess thyroxin which leads to a myasthenic 
weakness of the extra-ocular muscles by causing a widespread 
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degeneration of the nerve fibres that supply them. This weakness, 
together with retraction of the upper eyelid consequent upon 
sympatheticotonia, permits the eyeball to slip forwards when the 
palpebral fissure is widened. Thyrotropic exophthalmos, he 
considers, is due to an excess of-pituitary thyrotropin causing an 
inflammatory change in the orbital muscles that increases their bulk 
and so displaces the eyeball forwards. This latter type of exophthal- 
mos occurs independently of thyrotoxicosis. Mulvany makes many 
points of distinction in the histological features and symptomatology 
of his two types, and also advocates different lines of treatment. 
For the thyrotoxic type he recommends that treatment should be 
directed towards relieving thyrotoxicosis, either by thyroidectomy or 
by the administration of iodine solutions. In thyrotropic exophthal- 
mos, however, thyroidectomy is contraindicated as it aggravates the 
condition, and instead treatment should be by the administration of 
thyroid substance or, when the eyeball is in jeopardy from exposure, 
by orbital decompression. 

Mann (1946) accepts Mulvany’s two mechanisms, but thinks that 
his two varieties of exophthalmos can co-exist or overlap. She 
divides cases of malignant exophthalmos into three groups as 
follows, depending upon which mechanism predominates: 


Group I. Primary Deficiency of Thyroxin with Compensatory Excess of Thyrotropic 
Hormone.—These cases are characterized by swelling and oedema of the eyelids and 
conjunctivae, and by a low basal metabolism. Lid-retraction and thyrotoxicosis are 
absent. The treatment recommended is the administration of thyroid substance 
together with tarsorrhaphy where required. 

Group II. Primary Excess Thyroxin as initial Symptom followed by Thyroid Atrophy 
or Removal, replaced by Excess Thyrotropic Hormone.—In these cases there is an initial 
history of thyrotoxicosis which subsided, either spontaneously or after thyroidectomy, 
and was then followed by swelling of the eyelids, ocular protrusion, and ophthalmoplegia. 
The basal metabolic rate bears no constant relation to the eye condition, and is very 
variable, although usually Jow after thyroidectomy. Treatment is on the same lines 
as for Group I. 

Group III, Excess Thyroxinand Excess Thyrotropic Hormone arising simultaneously — 
In these cases signs of thyrotoxicosis co-exist with ocular protrusion, ophthalmoplegia, 
and swelling of the eyelids. The basal metabolic rate is consistently high. No definite 
treatment is recommended, other than that thyroid administration should be withheld. 


Neither Mulvany’s nor Mann’s hypotheses were tested by assays 
of the pituitary thyrotropin in the blood, nor have they been 
established by other workers. Other methods of therapy recom- 
mended in the literature include irradiation of the pituitary gland or 
of the orbita) tissues, the administration of testosterone and other 
sex hormones, the exhibition of Lugol’s iodine solution, and the use 
of diuretics. A)) these treatments have had their advocates, usually 


on the basis of observations in one or two cases, and have then been 
tried by others without beneficial results. Most of these treatments 
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are based upon the hypothesis that an increase of the pituitary 
thyrotropic hormone is responsible for this condition. 

There is thus no unanimity as to either the cause and mechanism 
of malignant exophthalmos, or its treatment. 


CASE REPORTS 


We therefore propose to review our experiences in twelve patients with 
severe malignant exophthalmos. Our observations suggest that Mulvany’s 
separation of cases into two types, thyrotropic and thyrotoxic, is faulty. 
No solution to the essential cause of the condition is offered, but it is 
suggested that the condition is self-limiting, that it is only indirectly 
related both to the thyroid hormone and to the pituitary thyrotropic 
hormone, and that the administration of thyroid substance, even in large 
amounts, will neither prevent nor stay the progress of exophthalmos. 
Such improvement as we have noticed in patients receiving thyroid 
substance can equally well be explained by the self-limiting nature of the 
disease. 

The clinical features of our patients are summarized in the Table (over- 
leaf). They were all advanced cases and were referred to a neurosurgical 
unit because exposure keratitis had appeared or was deemed imminent and 
the referring doctor had envisaged the need for orbital decompression. 
In five of thetwelve cases the condition had followed upon thyroidectomy. 
Nine cases, including eight with corneal ulceration and one with marked 
chemosis and papilloedema, were submitted to orbital decompression, and 
in six of these biopsy specimens of the orbital muscles were taken for 
histological study. In eleven cases the concentration of pituitary thyro- 
tropin in the blood was determined for us by Drs Griesbach and Purves*. 
In nine cases thyroid substance was given at some stage of the patient’s 
illness, often in large doses, without any decisive effect being noted. 

The various cases presented differing combinations of symptoms, and 
as Our attitude to successive cases changed with experience, each will be 
described separately. They are arranged in chronological order in two 
groups, depending upon whether there was an antecedent thyroidectomy 
or not. 

(1) AFTER THYROIDECTOMY 

Case 1. Bilatera] Malignant Exophthalmos with Corneal Ulceration. 

Temporary recession after orbital decompression followed by a return of exophthalmos, 
which later subsided concurrently with thyroid administration. 

A 35-year-old housewife, referred by Dr. W. A. Bird, had complained of nervousness 
and irritability for the past 8 months. Her signs included a slight diffuse goitre, a 
resting pulse rate of 100, but no tremor of the outstretched hands. Basal metabolic 
rate levels were +8 and +16 per cent, There was pronounced bilateral lid-retraction, 
slight protrusion of the eyeballs, and enlarged conjunctival caruncles on either side 
(Fig. 1a). A diagnosis of malignant exophthalmos with mild thyrotoxicosis was made, 
and thyroidectomy was carried out to relieve the latter. The histological report was 
“a diffusely hyperplastic goitre showing some reversion to the resting colloid state” 
(Dr. John Sutherland). 


* This was done according to their lished thod (Purves and Griesbach, 1949), whereb 
injections of the patient’s serum are given to “young ne pues -pigs whose own pres wy development is 
inhibited by the administration of thyroid digests, an ect of any pituitary thyrotropic hormone 


mtained in the patient’s serum on the guinea-pig’s thyroid hs then determin e 
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TABLE 
SUMMARY OF CLINICAL FEATURES OF 





| Other Features 


































































































Case’ _ of | Thyroidectomy 
No.} Age | Exophthalmos ‘ormed Nervousness Basal Pituitary 
(years) } Goitre and metabolic thyrotropic 
irritability rate hormone 
1 : F Bilateral 1 month None None | —22% | Marked 
| 35 | severe earlier | increase 
2 F | Bilateral | 1} years | None None +21 to | Marked 
| 36 | severe earlier | 25% | increase 
| | 
3 | M Bilateral | 2 years None | None | Normal | Slight 
| 42° | severe earlier increase 
| fo 
| | 
4| F | Bilateral | 1 year None None Zero to | Marked 
32 | moderate | earlier | +24% | increase 
| | | | | 
s| F | Bilateral | 3 years Moderate Slight f +8 to | Increase 
44 moderate | earlier 12% | 
| 
| | | | | | 
6 F | Bilateral a 'Moderate Delayed | Normal | No 
| 46 | severe | | increase 
7 | M | Bilateral | ne | None | None | Normal | Slight 
S57 severe increase 
8 | F Bilateral | — Moderate Moderate |. +20 to | Marked 
| 48 | severe | \ 185% increase 
Ee ee | 
eae | | | 
9| M | Unilateral _— None None Normal | No 
68 | moderate | | | increase 
10| F | Bilateral | — | None | Slight | Normal | = — 
42 | moderate 
11| F | Bilateral | — Slight | Moderate| +51% | No increase 
| 35 | marked | at first, but a 
| | delayed 
| crease 
| cored 
| 
12). ¥ | Bilateral | — None None Normal | Marked 
| 60 | marked | increase 
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TWELVE CASES OF EXOPHTHALMOS 
| Effect of Thyroia ‘Thntoos 
Effect of Follow-up | 
Orbital Period | End-Result 
Decompression Before After Without Qears) | 
obital orbital orbital | 
decompression | decompression |decompression 
| | 
Temporary — No definite — 6 query spontaneous 
recession influence improvement 
Marked Progress of | Large _ | 5 improved 
recession | exophthal- | amounts tol- definite benefit from 
mos not erated with- decompression 
checked out effect 
Passive — Large -—— 4} | spontaneous 
recession amounts tol- | improvement 
only erated with- 
out effect | | 
LJ 
Marked | Progress of | No definite | _ | 1 | definite benefit 
recession exophthal- influence \ from decompression 
mos not | accidental death 
| checked | | 
| — | _ Progress of | | spontaneous im- 
exophthal- | | provement after 
| mos not | | thyroid therapy 
| checked | stopped 
Slight —_ id Se : 
i | | | | Post-operative death 
Passive re- _ No definite _ 4 query spontaneous 
cession only influence improvement 
Passive re- | Exophthal- — | -- | 1} —_| spontaneous 
cession only | mos not pre- improvement 
vented from | 
developing | | | 
— — —_ | —_ 13 spontaneous 
improvement 
— — —- -- 14 spontaneous 
improvement 
Temporary | Progress of —_ | $ spontaneous 
recession exophthal- improvement 
mos not | 
checked | | 
Doubtful — _- — | $ | spontaneous 
| improvement 
| 
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After this operation her nervousness was allayed, and the B.M.R. fell to — 22 per cent. 
with resting pulse rate of 90. The stare and lid-retraction disappeared, but instead the 
eyeballs protruded more than ever, and within a month chemosis of the conjunctiva 
appeared on either side. The caruncles also enlarged further, and early ulceration 
developed in the left cornea (Fig. 15). 

A bilateral orbital decompression of the Naffziger type was therefore carried out. 
As in all the subsequent cases this operation was performed under intratracheal 
anaesthesia through a coronal scalp incision located behind the hair line. After the 
scalp flap had been reflected forwards, a small frontal bone flap pedicled on the temporal 
muscle was then turned on each side. Next, on one side at a time, the frontal dural 
envelope was elevated off the anterior cranial fossa, thus exposing the roof of the orbit. 
This was then removed with nibbling forceps back to but usually not into the optic 
canal. In addition, the lateral wall of the orbit in the region of the pterion and temporal 
fossa was removed before the periorbita was incised and the orbital contents inspected. 
In this particular patient, the muscles appeared pale and broadened, but the orbital fat 
was not excessive, although it was under pressure. No biopsy specimens were taken. 
At the end of the operation there was a gratifying recession of the eyeballs, and within 
a few days the pouting folds of conjunctiva disappeared, and the caruncular swellings 
lessened (Fig. 1c). 





Fic. 1.—({a) Case 1. Shortly before (b) Case 1. One month after 
thyroidectomy. thyroidectomy. 





(c) Case 1. Two weeks after (d) Case 1. Six years later—right 
orbital decompression. eye artificial. 

On her discharge from hospital on the 20th day, we were confident that the patient 
had recovered. However, two weeks later, while in another city, a ‘‘ bubble ” rapidly 
appeared over the right cornea. She was admitted to a local hospital, again with 
pouting conjunctival folds, and after performing a paracentesis of the anterior chamber, 
an ophthalmic surgeon enucleated her right eyeball two days after admission. At the 
time her left eyelids were reported as oedamatous, and were sutured together for four 
days. They then seemed all right again, and she was discharged from hospital 10 days 
after admission, with instructions to take by mouth 2 to 3 grains of desiccated thyroid 
daily. This she has done ever since. 

When seen by one of us 13 months after orbital decompression, the left eyeball 
appeared healthy, but there was some swelling of the eyelids as well as a slight retraction 
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of the upper lid. | Her weight had increased by about 20 lb., and her facial appearance 
showed some coarsening, while the outer third of each eyebrow was thinned. Resting 
pulse rate was 70. An assay revealed a high level of pituitary thyrotropic hormone in 
her blood. She has since written (6 years after orbital decompression) saying that her 
left eyeball seems normal, and that her general health is good, while her weight has 
remained up (Fig. 1¢). 

Case 2. Bilateral Malignant Exophthalmos leading to Loss of one Eyeball and 
Corneal Ulceration in the Other. 

Second eye saved by orbital decompression. No response to thyroid apparent even 
to very large doses. 

A 32-year-old housewife, referred by Drs D. Y. Allan and J. D. Willis, had undergone 
thyroidectomy 15 months previously for mild toxic symptoms. Shortly afterwards 
here eyeballs started to protrude gradually but steadily. Beginning a month before 





Fic. 2.—(a) Case 2. Immediately (b) Case 2. Three months later, at 
before orbital decompression. conclusion of intensive thyroid 
E therapy. 





(c) Case 2. Four months later, (d) Case 2. Four years later. 
when discharged home. 


admission to our Unit she was given thyroid substance, at first 3 grains daily, but 
increasing rapidly to 12 grains daily. However, the protrusion of both eyeballs 
continued to increase, the cornea became ulcerated, and finally the left eyeball had to 
be excised because of panophthalmitis. Next day she was transferred to our Unit. 
This patient’s appearance on arrival was alarming (Fig. 2a). From the eyeless left 
socket a large fold of conjunctiva pouted, while the eyelids themselves were swollen. 
On the right side a smaller fold of conjunctiva projected between similarly swollen lids, 
while the eyeball was protruded and the cornea ulcerated. The visual acuity was 
reduced to 6/36, although the optic fundus seemed normal. Yet in spite of all this she 
showed no signs of thyrotoxicosis, no enlargement of the thyroid, and no menstrual 
disturbance. The pituitary thyrotropin of her blood was much increased. 
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A right-sided orbital decompression was promptly carried out. The orbital contents 
were under pressure, the orbital muscles appeared pale and swollen (the cross-section 
of the levator palpebrae superioris being 1.2 cm. wide by 0.8 cm. thick), and a biopsy 
specimen showed a marked inflammatory reaction. The eyeless left orbit was not 
operated on. Immediately after operation the right eyeball receded considerably, but 
on account of the ulceration it was protected temporarily by stitching the lids together. 
A fortnight later when it was uncovered, the right eyeball seemed normally placed, its 
corneal ulcers had healed, the swelling of the eyelids was less, the chemosis of the 
conjunctiva had disappeared and the visual acuity was normal (6/6). On the non- 
decompressed left side, the conjunctiva still pouted and the eyelids were still swollen. 
B.M.R. levels were +21 and +25 per cent., and resting pulse rate was 80 to 90. 

The opportunity then arose for testing the effect of thyroid administration by observing 
its effect on the swollen eyelids and pouting conjunctiva on the left side. Six grains of 
desiccated thyroid were given daily, increasing rapidly to 18 grains daily, at which 
level the administration was maintained for 2} months. During the first month 
15 minims of Lugol’s iodine were also given daily. Two proprietary brands of thyroid 
tablets were used, both marketed by reputable and internationally-known firms, and 
both used extensively by our medical colleagues with good .results in myxoedema. 
Yet in this particular patient there was scarcely any systemic effect. Her resting 
pulse rate was unaltered, her B.M.R. levels rose only to +35, +35, +46, and +42 per 
cent. as determined at sundry times. during the three-month period, and her weight 
actually increased by 3 Ib. Only a slight recession was noted in the swelling of the left 
eyelids and conjunctiva (Fig. 25), and this slight recession might equally well be due 
to resolution of the traumatic swelling in the orbit consequent upon enucleation of the 
eyeball. So during her fourth post-operative month the pouting fold of conjunctiva 
was excised, and she was then discharged to her home (Fig. 2c). 

This patient has been followed-up for more than 5 years, during which time she has 
taken 3 grains of desiccated thyroid daily. Her right eyeball and orbit remain normal, 
but in spite. of the long continued thyroid therapy, there is still some swelling of the 
left orbital contents, and some features suggestive of myxoedema have appeared, such 
as coarsening of the face and sparseness of the outer parts of the eyebrows (Fig. 2d). 
A recent B.M.R. determination is —10 per cent. Mentally she is alert. 

A point of great interest in this case is the apparent tolerance during the early 
post-operative period to very large doses of thyroid substance. During the third 
month an assay by Mr. F. H. Kennedy revealed a thyroxin-iodine level in the blood of 
four times the normal (16 micrograms per 100 millilitres as opposed to 4 micrograms 
per 100 millilitres—butyl alcohol extraction method). We presumed from this that the 
thyroid substance had been absorbed from the alimentary tract. Also of interest 
is that during the three-month period of intensified thyroid administration, the levels of 
pituitary thyrotropin in the blood fell gradually to normal. 


Case 3. Bilateral Malignant Exophthalmos with Corneal Ulceration and Hypopyon 
in one Eye at first and only Slight Protrusion in the Other. 

Little recession from orbital decompression. Marked resistance to massive doses of 
thyroid. 

A 42-year-old man, referred by Dr. L. S. Talbot, had undergone thyroidectomy for 
“toxic diffuse goitre’’ two years previously. Prominent eyeballs and lid-retraction 
had been noted before operation, but afterwards these signs became more marked, 
although they appeared to fluctuate. Three months before admission he developed a 
left corneal ulcer, and apparently some features of toxicity, for his B.M.R. was between 
+23 and +35 per cent. He was given 30 minims Lugol’s solution daily for 2 weeks, 
and the B.M.R. fell to +6 per cent. The corneal ulcer apparently subsided. 
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Then 4 weeks before his admission to our Unit his left eyeball again flared up, and 
when admitted he showed a grossly protruded left eyeball with corneal ulceration and 
hypopyon (Fig. 3a). The eyeball was surrounded by swollen folds of conjunctiva, 
and could perceive only light. The right eyeball was not inflamed, but the right upper 
eyelid was retracted. The eyelids showed little oedema on either side. There were no 
signs of thyrotoxicosis, the resting pulse rate being 80, and the B.M.R. levels +2 and 
+4 per cent. The thyroid was not palpable. An assay of the pituitary thyrotropin 
in the blood showed only a slight increase. 





Fic. 3.—(a) Case 3. On admission. (b) Case 3. Three months later, 
shows pouting of conjunctiva a few 
hours after tarsal stitches were 
undone. 


In view of our experiences with another 
patient (see Case 6), we deferred orbital 
decompression, and instead under local 
analgesia covered the cornea of the left 
eyeball with a flap of conjunctiva. By the 
fourth day, however, marked chemosis of 
the conjunctiva had appeared on the right 
side, and a bilateral orbital decompression 
was promptly carried out. On both sides the 
orbital fat bulged when the periorbita was 
incised, while the orbital muscles seemed pale and swollen (biopsy specimens showed 
slight inflammatory changes). When the operation was concluded, little recession of 
the eyeballs occurred, but we were able to stitch the eyelid margins together on each 
side without much tension. 

The post-operative course was smooth, but it subsequently proved necessary to keep 
the eyelid margins approximated for about 7 months. This was done by means of 
silk mattress-stitches inserted through the eyelid margins and prevented from cutting 
into the skin by being threaded over tiny pieces of rubber tubing. Penicillin drops were 
instilled twice daily, and it was found that a set of stitches could usually be left in situ 
for from 10 to 14 days before the eyelids became very inflamed or the stitches had 
started to cut through their margins. The stitches would then be removed for 24 to 
36 hours, during which time the inflammation in the eyelids would subside, and a 
fresh set of sutures could then be inserted under intravenous anaesthesia. Each time 
the stitches were undone, protuberant folds of conjunctiva would rapidly develop, 
so that by the end of the day the eyelids could no longer be closed (Fig. 3b). Several 
attempts were made by ophthalmological colleagues and ourselves to circumvent these 
repeated stitchings by permanent tarsorrhaphy, but without success for the lid margins 
would not adhere, presumably because of inflammatory changes. 





(c) Case 3. Four years later. 
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Throughout this long period of 7 months, during which the eyelid margins were 
repeatedly stitched, various methods of treatment were tried: 
(i) Desiccated thyroid was given by mouth, first 6 grains daily, and increasing 
10 days later to 18 grains daily, at which level the dosage was maintained for 
3 weeks. There was no effect on the ocular state, pulse rate, or body-weight, and 
pase a the end of this period, B.M.R. levels of -7 and - 13 per cent. were 
recorded. 


(ii) Lugol’s iodine solution was given in doses of 30 minims daily for 4 weeks. 
Again no general effect was noted, and B.M.R. levels of zero, +6, and +8 per cent. 
were recorded, 

(iii) Massive doses of thyroid were given, first 50 grains daily for 10 days, again 
without effect, except that resting pulse rates ranged between 80 and 100. The 
B.M.R. was still +10 per cent. at the end of this course. Then for 9 days six 
intravenous injections of 10 mg. thyroxin were given. The total dose was thus 
60 mg. thyroxin, the equivalent of about 500 grains of thyroid substance. Yet the 
B.M.R. readings on alternate days during this 9-day period were -9, +32, +11, 
+33, and +2 per cent., and the only general effect observed was a resting pulse 
rate of about 100 instead of 80. Again no benefit ensued to the eyes. The 
patient’s weight by now was 14 Ib. heavier than on admission (10 st. 8 1b.). We 
concluded that, like Case 2, he had an abnormal resistance to thyroid, even when 
administered parenterally. 


(iv) A month followed without any drug treatment, during which B.M.R. levels 
varying between +1 and +34 per cent. were noted, and resting pulse rates from 
80 to 90. ‘His weight increased another 6 lb. 


(v) Testosterone propionate 30 mg. intramuscularly was given twice a week 
for 6 weeks, and again no definite effect was noted. 
(vi) Methyl thiouracil, 100 mg. daily for 5 weeks, followed. 
(vii) Stilboestrol 5 mg. twice daily until his discharge from hospital nearly 


9 months after admission. With treatments (iv)-(vii), as with the thyroid, there 
was no significant general or local effect. 


About the seventh post-operative month a slight but gradual improvement began, 
and we found that his eyelids could be ieft unstitched without oedematous folds of 
conjunctiva appearing, and that he could approximate his eyelids voluntarily. The 
lid margins were ragged from repeated stitching, and were subsequently trimmed by 
Dr. W. Manchester. 

Four and a half years have now passed since his discharge, and during that time he 
has worked as a truck and grader driver. His eyeballs are still prominent (Fig. 3c), 
but less so than before. Lid-closure is good on the right side, while on the left he can 
cover the cornea with the upper eyelid, but is unable to bring the two lids together. 
The left cornea is opaque, possibly partly as a result of adherence of the conjunctival 
flap which was swung over the cornea in the initial stage of surgical treatment. Visual 
acuity in the right eye is 6/9, and in the left eye only hand movements. His weight remains 
stationary, and there are no signs of thyrotoxicosis. A recent assay shows no increase 
of pituitary thyrotropin in the blood. 


Case 4. Bilateral Malignant Exophthalmos with Marked Ophthalmoplegia which 
developed in spite of Thyroid Therapy. 

Benefit from orbital decompression. 

A 32-year-old Maori woman, referred by Drs L. W. Broughton and John Willis, 
had undergone thyroidectomy for toxic goitre 9 months earlier. Within 2 months her 
eyeballs had started to protrude, but when referred to our Unit she showed only a 
slight degree of exophthalmos with slight swelling of the eyelids (Fig. 4a). There were 
no signs of thyrotoxicosis and no palpable thyroid. B.M.R. readings were between 





MALIGNANT EXOPHTHALMOS 265 


zero and +13 per cent. The blood pituitary thyrotropin was considerably increased. 
As her exophthalmos was mild, she was sent home with instructions to take desiccated 
thyroid by mouth. At first she took 3 gr. daily, but as her exophthalmos continued 
to advance, the dosage was increased to 12 gr. daily, at which level it was maintained 
for a month. 

Three months later she was re-admitted with increased exophthalmos associated with 
marked swelling of the eyelids, slight chemosis ‘of the conjunctiva, and a convergent 
squint (Fig. 4b). Exophthalmometer readings showed that the ocular protrusion had 


Fic. 4.—(a) Case 4. -At time of (b) Case 4. At time of second 
first admission. admission after three months of 
thyroid therapy. 


increased 2 mm. in each eye since her 
previous admission. During the same 
period her weight had increased by 14 lb. 
B.M.R. readings were now +22 and +24 
per cent. 

Bilateral orbital decompression was now 
undertaken. The extra-ocular muscles were 
pale and swollen, and biopsy specimens 
showed moderate inflammatory changes of 
the usual type. Also the orbital contents 

(c) Case 4. Two weeks after were under pressure and bulged markedly 

orbital decompression. when the periorbita was incised. At the 
end of the operation her eyeballs had receded, and, when she was discharged home 2 
weeks later, the exophthalmometer showed this recession to be 3.5 mm. on the right 
side and 5 mm. on the left side (Fig. 4c). 

Subsequently her eyeballs remained receded, but the external rectus muscles became 
gradually weaker, and the convergent squint increased. She continued to take thyroid 
substance in amounts up to 4 grains daily without improvement in her general condition, 
although ther was a slow and progressive loss of 2 stone in weight from an initial level 
of 13 st.2 1b. Diplopia was troublesome, and her appearance of squint worried her. 
Finally, a year after the operation, she met her death as the result of an accident. 
A post-mortem examination was performed for the coroner, but histological studies 
of the orbits were not made. 


Case 5. Bilateral Exophthalmos of Moderate Degree. 

Progressed in spite of thyroid therapy, and possibly improved when thyroid 
administration was withheld. No orbital operation necessary. 

A 44-year-old ex-servicewoman, referred by Drs.B. Watson and D. Pottinger, had 
undergone thyroidectomy for toxic goitre 3 years earlier: Her eyeballs were considered 
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prominent before operation, but shortly afterwards became more so. Starting a year 
later, when the protrusion was still mild, she had taken 3 grains of desiccated thyroid 
daily, except for a short period when the dosage had been 9 grains daily. Also at 
another period she had been given methyl thiouracil 0.4 mg. daily for a month in 
addition to thyroid tablets, but neither regime had benefited her, and the protrusion 
of her eyeballs had steadily increased. 

When referred to our Unit her eyeballs were moderately protruded while the upper 
eyelids were slightly swollen and were retracted. She could close here eyelids. There 
was no chemosis and the external oculomotor movements were full. Mild thyrotoxic 
signs were present in the form of nervousness, increased. sweating, and a resting pulse 
rate of 90 to 100, while a small amount of thyroid tissue was palpable. B.M.R. readings 
were +30, +8, and +12 per cent. on consecutive days. The blood pituitary thyro- 
tropin was increased. Menses were regular. As the eyeballs were not in jeopardy, 
we decided to withhold thyroid administration and to defer orbital decompression, 
pending observation of her progress: She was therefore discharged home without 
any medication. 

Four months later she described herself as slightly improved. Her nervousness was 
less, and her weight had increased by 6 Ib. Exophthalmometer readings indicated 
that each eyeball had receded 4 mm. Her resting pulse rate was 72, and her B.M.R. 
readings were reported as +24 and +27 percent. Three months later still exophthal- 
mometer readings showed a further recession of 2 mm. on the right side but no further 
change on the left. A year after thyroid administration was stopped, she wrote to say 
that she was back at work after a lapse of three years, and that her eyes were satisfactory. 


(2) WitHouT THYROIDECTOMY 

Case 6. Bilateral Malignant Exophthalmos with Bilateral Corneal Ulceration. 

Death 2 weeks after orbital decompression. 

A 46-year-old housewife, who once had been obese, had developed nervousness and 
irritability starting two years before her admission to our Unit, and has lost several 
stone in weight. A nodular goitre was noted at this time, and also a coarse tremor 
of her hands. She was treated with Lugol’s solution, and her nervousness lessened, 
but her excess weight did not return. 

For 6 months before admission her 
eyeballs had become increasingly promi- 
nent, and for 3 weeks they had been 
sore and painful. For 5 days she had 
been blind in her lefteye. On admission 
both eyeballs were protruded and 
showed marked corneal ulceration, 
while the eyelids were swollen (Fig. 5). 
The left cornea had perforated, and the 
eyeball was disorganized with panoph- 
thalmitis. Vision in the right eye was 
316. A nodular goitre was present. 
Yet she did not show any nervousness 
or tremor, although the pulse rate was 
110. Moreover, the B.M.R. had been reported only a few days previously as - 3 per 
cent. The blood pituitary thyrotropin was not increased. 

Shortly after admission a right-sided orbital decompression was undertaken to save 
the right eyeball. The orbital contents were not under pressure, and the levator 
palpebrae superioris and superior rectus muscles, although pale, were not considered 





Fic, 5.—Case 6. On admission. 
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enlarged. Biopsy specimens of these two muscles showed only slight inflammatory 
changes. After the operation the right eyeball could be pressed back into the orbit, 
and the eyelid margins were sutured over it. The left eyeball was eviscerated. 

For the first few days after the operation she seemed to be progressing favourably, 
and the B.M.R. level on the 7th day was +21 per cent. During the second week, 
however, she developed an acute congestive heart failure, and she. died on the 15th day 
of ventricular tachycardia (Prof. F. H. Smirk). The manner in which this cardiac 
failure developed suggested an “ acute thyroid crisis ”’. 

A post-mortem examination was carried out by the late Dr. Jolin Sutherland, all 
the contents of the right orbit being removed for study. To.our amazement the various 
muscles, which at operation had been adjudged of normal size, were in reality markedly 
swollen, while in contrast to the slight changes seen in the biopsy specimens; histological 
examination of the post-mortem material showed gross inflammatory changes in most 
of the orbital muscles. Similar but less marked inflammatory changes were seen also 
in the lacrimal gland. The thyroid showed a nodular hyperplastic goitre. 


Case 7. Bilateral Malignant Exophthalmos with Corneal Ulceration. 

No striking benefit from orbital decompression, but a gradual subsequent recession of 
ocular protrusion, probably not influenced by either the decompression or thyroid therapy. 

A 57-year-old man, referred by Dr. J. S. Monro, had noted for the past 6 months 
increasing prominence of his eyeballs associated with diplopia. Two weeks before 
admission both corneae became ulcerated, the right side being more affected, and his 
eyelids were stitched together with interrupted silkworm-gut stitches. On his arrival 
the stitched eyelids were swollen and inflamed, and on the right side one silkworm-gut 
stitch had cut through the margin of the lower eyelid like aseton. The patient exhibited 
no signs of thyrotoxicosis and no goitre, but the blood pituitary thyrotropin was 
slightly increased. The B.M.R. was normal. 

A bilateral orbital decompression was undertaken promptly. On each side the 
extra-ocular muscles were pale and swollen, but the orbital contents were not under 
increased pressufe. Little, if any, spontaneous recession of the eyeballs was apparent 
at the end of the operation, but the eyeballs could be pressed backwards. A permanent 
tarsorrhaphy was attempted on each side, and was successful on the left side, but (mainly 
because of the gap in the lower lid and the associated inflammation) the right eyelids 
did not adhere. Otherwise the immediate convalescence was smooth. Three months 
later he was referred to a plastic surgical unit, but as the right cornea was scarred, 
diplopia was troublesome, and a repair of the lower lid seemed impracticable, the right 
eyeball was enucleated. 

The left eyeball was saved, but over a year passed before it receded sufficiently to 
permit the tarsorrhaphy to be undone. During the first 6 months of this period, 
desiccated thyroid was taken by mouth, at first 3 but later 6 gr. daily. B.M.R. 
levels of +20 to +25 per cent. were recorded with the smaller dosage, and of 
+40, +41, and +44 per cent. with the larger dosage, these levels being associated with 
a good deal of nervousness, but no loss of weight. In the second six months methyl 
thiouracil was given, at first 0.2 g. daily, later 0.1 g. each second day, and coincident 
with this regime the B.M.R. fell to - 6 per cent. 

Throughout the first year, a slow and very gradual recession of the left eyeball 
occurred, and this apparently was not affected by either the thyroid or thiouracil 
therapies. On follow-up examination 2} years after the orbital decompression, the 
left eyeball appeared normal and without any protrusion, but he was troubled by 
ingrowing eyelids. Shortly afterwards, a corneal ulceration developed without further 
protrusion, and lateral tarsorrhaphy was repeated by Dr. A. N. Talbot. When seen 
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again by us, 4) years after the decompression, the left cornea was clear once more, 
and well protected by the tarsorrhaphy. There was no obvious exophthalmos nor 
oedema of the eyelids. The patient was in receipt of an old-age pension, but was 
able to look after his own home and garden. 


Case 8. Bilateral Malignant Exophthalmos with Corneal Ulceration, developed in 
spite of Long-continued Thyroid Therapy. 

Slight benefit from orbital decompression, followed by temporary worsening before 
further spontaneous improvement, 

A 48-year-old housewife, referred by Dr. John Willis, had been taking 2 to 3 grains 
of thyr oid substance daily for 5 years on another doctor’s advice in order to keep her 
weight down. During this period her weight had fallen by 3 stone to 10 st. 10 Ib. 
Six months before admission both eyeballs began to protrude, and thyroid therapy was 
continued except for a period of a month when thiouracil was tried instead. On 
admission both cyeballs were markedly protruded, and the palpebral tissues were 
swollen, while the left cornea was ulcerated and surrounded by oedematous conjunctiva. 
There was no lid-retraction (Fig. 62). Exophthalmometer readings: right eye, 23 mm.; 
left eye, 24 mm. Moderate-sized nodular goitre. There was slight nervousness, 
irritability, and tremor, but the B.M.R. was disproportionately high (+60 per cent.). 
Resting pulse rate was 76, There was some sparseness of the outer eyebrows, and 


markedfelevation of blood pituitary thyrotropin. 





Fic. 6.—(a) Case 8, On admission. (b) Case 8, Three weeks after orbital 
decompression. 

Bilateral orbital decompression was 
performed. The extra-ocular muscles 
were pale and swollen, but the orbital 
contents were not under pressure. 
Muscle biopsies showed mild inflamma- 
tory changes, At the end of the 
operation the eyeballs had not receded, 
but the eyelids were possibly a little 


more easily approximated than before 
the operation, and they were fastened 





(c) Case 8. Thirteen months later. 


together with mattress stitches, as in Case 2. 

This closure was maintained for a period of S’weeks. A reinsertion of the stitches 
proved necessary about 3 weeks after operation, and the stitches were removed for 
24 hours, when it became evident that, although according to exophthalmometer 
readings each eyeball had receded 3 mm., the swelling of the eyelids and the chemosis 
of the conjunctiva had actually increased (Fig. 6b). After 3 further weeks of lid-closure, 
however, the swelling of the lids and the chemosis had subsided, and the patient could 
one more voluntarily approximate her eyelids on either side. 
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After operation she remained under our direct observation for 34 months before 
returning home. During this time her eyeballs further receded. Exophthalmometer 
readings: right eye 17 mm.; left eye 17 mm. No thyroid substance was given post- 
operatively although 15 minims Lugol’s solution were given daily for a month without 
general effect. B.M.R. estimations made at frequent intervals throughout this period 
showed astonishing variations between +20 and +4185 per cent., most of the 
determinations being about + 40 per cent. Yet her pulse rate throughout was between 
70 and 80, and she did not show any signs of nervousness or tremor. She was perhaps 
a little more tolerant of cold weather than the average patient, but no obvious thyrotoxic 
manifestations were present. Her weight increased by 5 lb. during the period. Her 
final B.M.R. readings were +36 and +40 percent. Two other interesting observations 
were made. The first is that during the post-operative period her goitre gradually 
lessened, and the circumference of her neck decreased by nearly one inch. Secondly, 


3 months after admission her blood pituitary thyrotropin had fallen to normal levels. 


When seen again a year after operation, her eyes were satisfactory, although there 


was still some swelling of the eyelids (Fig. 6c). Her weight had increased a further 


4 {b., but her pulse rate was 72. 


Case 9, Unilateral Malignant Exophthalmos of Moderate Degree. 

Resolved spontaneously. 

A 65-year-old man, referred by Dr. N. B. Fisher, had first noticed 4 years ago, that his 
left eyeball was gradually protruding without any discomfort. This protrusion had 
increased until 3 months before his admission to our Unit, and after this it started to 
recede. There were no headaches, history of sinusitis, nervousness, or loss of weight. 
Examination showed a moderate unilateral exophthalmos associated with swelling of 
eyelids of the type seen in the previous cases, but no chemosis of the conjunctiva, 
goitre, or symptoms of thyrotoxicosis. B.M.R. was zero. Blood pituitary thyrotropin 
was not raised. Blood pressure 200/90. 

The question of orbital decompression was deferred and the patient was sent home. 
During the next three months thyroid was given in doses decreasing from 3 to 1 gr. 
daily, the B.M.R. being +18 per cent. at the end of the first month, when slight tremor 
of the fingers was apparent. The protrusion continued to recede gradually, not only 
during this period of thyroid therapy but also after it was discontinued. 

When seen by us about 18 months later, the exophthalmos had subsided completely. 
The patient’s weight had increased by 7 lb., and the B.M.R. was —19 per cent., but he 
had no obvious signs of myxoedema. When he was seen again a further year later 
we learnt that there had been a slight and temporary return of ocular protrusion six 
months before. His doctor had given him 2 gr. desiccated thyroid daily for a month, 
and the ocular protrusion had disappeared within that time. Since then he had been 
taking 4 Sr. thyroid each second day. There was no trace of exophthalmos when 
we saw him, 


Case 10. Bilateral Malignant Exophthalmos of Moderate Degree. 

Resolved spontaneously. 

A 42-year-old woman, referred by Dr. K. J. Talbot, with a bilateral exophthalmos 
of similar degree to Case 9 but of only 3 months’ duration. A period of nervousness 
and palpitations lasting 3 weeks had coincided with the outset of ocular protrusion, 
and she had lost 7 lb. in weight during that period, but had since regained it. No 
thyrotoxic symptoms were seen by us, and there was no goitre. B.M.R. normal. 
Both eyeballs were protruded, the right more than the left. Exophthalmometer— 
right eye +18 mm.; left eye 17 mm. Slight lid-retraction was present. 
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As improvement in the thyrotoxic symptoms had occurred, the patient was sent home 
without any specific treatment. When she was seen again 3 months later both eyeballs 
had receded to normal, and the stare had also disappeared. Exophthalmometer— 
right eye +16 mm.; left eye 15 mm. Eighteen months later it was reported that the 
eyeballs were still receded. 


Case 11. Bilateral Malignant Exophthalmos with Slight Corneal Ulceration. 


Orbital decompression resulted in slight immediate recession followed by temporary 
worsening. Spontaneous improvement followed later. 


A 35-year-old woman, referred by Drs R. H. Q. Baxter and W. A. Bird, had 
complained for 10 months of gradually increasing ocular protrusion, at first in the left 
eye, and then in the right as well. For a short period she had been given 2 gr. 
desiccated thyroid daily, and during another period had evidently been given methyl 
thiouracil, but neither regime had benefited her. 


On admission to our Unit, she showed bilateral ocular protrusion and moderate 
swelling of the eyelids. | Exophthalmometer readings—right eye 21 mm.; left 
eye 22 mm. The external oculomotor movements were slightly restricted. She also 
exhibited signs of mild thyrotoxicosis, in that she was nervous and irritable, had a 
slight enlargement of the thyroid, a resting pulse rate of between 80 and 90, and B.M.R. 
of +58 and +51 per cent. The glucose tolerance test showed a mild diabetic curve. 
The blood pituitary thyrotropin was not raised. 


Ten days after admission she developed chemosis of the conjunctiva and a slight 
ulcer of the left cornea. A bilateral orbital decompression was therefore carried out. 
The orbital fatty tissue bulged when the periorbita was opened, while the orbital 
muscles seemed pale and swollen. Muscle biopsies showed mild inflammatory changes. 
At the end of the operation, the eyeballs had receded nicely, but two weeks later they 
protruded again, even more markedly than on admission. Exophthalmometer readings: 
each eye 23 mm. __— For 6 weeks the lids had to be kept stitched together, as in previous 
cases, before the eyeballs started to recede again. We then undid the stitches, and 
found that she could close her eyelids. At night time they were strapped together 
with adhesive tape for added protection. Then 3 days later, to our horror, a large 
deep ulcer appeared over the lower third of each cornea. At first we were nonplussed 
as to the reason, for she could still close her eyelids. However, we found that the 
corneae were insensitive, and that her eyelids remained open during sleep, so it is 
possible that our adhesive tape had abraded the cornea. 


This corneal ulceration was most unfortunate, for the ulcers subsequently healed 
with a marked opacity of the lower halves of each cornea. Lateral tarsorrhaphy was 
out of the question, because when the palpebral fissures were narrowed, these opacities 
came within the line of vision, We therefore made her wear close-fitting goggles of 
the type used by underwater swimmers, which kept the moisture in and prevented 
drying of the conjunctiva. She has worn these goggles continuously for the past 
4 months, and during that period there has been a slow but steady recession of the 
eyeballs. _Exophthalmometer readings: 18 mm. in each eye. This recession seems to 
have been spontaneous, because we have purposely withheld all medicinal therapy. 
The nervousness and irritability have disappeared, the resting pulse rate is between 
70 and 80, and a recent B.M.R. is +9 per cent. The glucose tolerance curve is now 
normal, but a recent assay of blood pituitary thyrotropin has shown a moderate 
increase, which has occurred at a time when the eyeballs were apparently receding. 
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Case 12. Bilateral Malignant Exophthalmos with Chemosis, Marked Ophthalmoplegia, 
and Papilloedema. 

Right orbit decompressed but not left. This unilateral operation was followed by a 
rapid improvement on both sides. . 

A 60-year-old woman, referred by Dr. John Willis, complained that for the past 
3 months, both eyeballs had steadily become protuberant. The onset of these symptoms 
had followed a severe mental shock occasioned by the sudden death of her brother. 
For 6 weeks she had complained of diplopia, and of difficulty in moving her eyes to 
either side, and for the past week the conjunctiva had been protruding on either side. 

On admission both eyeballs were protuberant, and a fold of oedematous conjunctiva 
pouted below the cornea on either side (Fig. 7a). The eyelids themselves showed 
only slight swelling. There was a gross external ophthalmoplegia, for neither eyeball 
could be deviated more than a few degrees from the central position. Each optic 
fundus showed about 2 dioptres of papilloedema. Visual acuity: right eye 6/60, 
left eye 6/24. There were no signs of thyrotoxicosis and no goitre. B.M.R. was zero. 
The blood contained a moderate excess of pituitary thyrotropin. 


Fic. 7.—(a) Case 12. On admission. 


(b) Case 12. Six weeks after a right-sided orbital decompression. 


As the exophthalmos seemed progressive and had reached a severe stage, bilateral 
orbital decompression was decided on, but the findings were most unexpected. At the 
operation (performed as usual under intratracheal anaesthesia) the right side was 
operated first, and after the roof and lateral wall of the right orbit including the optic 
canal had been uncapped, the periorbita was opened, but the orbital contents were not 
under pressure. A firm, rather bluish structure about 6 mm. thick by more than 
10 mm. wide identified in the lateral part of the orbit, was considered to be the lateral 
rectus muscle. Endeavouring to obtain a biopsy, the surgeon (M.A.F.) nicked this 
structure, which immediately poured forth arterial blood under pressure, but without 
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arterial pulsation. The leak was sealed with a muscle stamp, and the surgeon then 
demonstrated to Dr. R. P. Wilson and other colleagues how red blood could be freely 
aspirated from this structure, and how the puncture site would squirt for a few seconds 
after removal of the needle. We all felt that the structure was a distended venous 
channel, but were nonplussed as to its significance. Consequently the operation was 
completed without decompressing the left side. Immediately after operation the 
skull was auscultated but no bruit was heard. Little recession of the eyeball was 
noted on the decompressed side. 

The convalescence was smooth, and to our amazement within a day or so of operation, 
both eyeballs began to subside, and the swollen conjunctival folds to disappear, even 
on the left side which had not been decompressed. During the second week bilateral 
percutaneous carotid arteriograms were made, and good definition obtained of the 
internal carotid arterial tree on either side, including the ophthalmic arteries, but no 
abnormality was seen. When the patient was discharged on the 20th post-operative 
day, all conjunctival oedema had disappeared, each eyeball had receded about 2 mm. 
and had regained about 20 to 30 degrees of lateral and vertical movement, and the 
papilloedema had disappeared. The visual acuity had improved to right eye 6/18, 
left eye 6/18. When she was seen again 6 weeks after the operation both eyeballs 
seemed virtually normal as regards position and movements (Fig. 7b), and the visual 
acuity had recovered to right eye 6/12, left eye 6/9. Six months later the improvement 
had been maintained, and the pituitary thyrotropin in the blood was no longer raised. 


PATHOLOGICAL FINDINGS 


Material for histological study was obtained from the orbital 
contents at operation in six cases and at post mortem in one of these. 
The thyroid glands of three patients were also available. The 
histological findings in individual cases are as follows. 


(1) AFTER THYROIDECTOMY 
Case 1.—Thyroid tissue removed at operation, weight 34 g. Cut surface uniform and 
fleshy. Microscopically there is extensive epithelial hyperplasia; some acini have 


Fic. 8.—Case 2. Biopsy of 
right levator palpebrae 
superioris showing a diffuse 
and focal infiltration of 
lymphocytes; also oedema of 
theconnective tissueseparating 
the muscle fibres. 
Haematoxylin and eosin 
(x 144). 
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high columnar epithelium, but in others there is some reversion to the resting state 

shown by low epithelium and colloid accumulation. The appearances are those of a 

diffuse hyperplastic goitre with reversion due to administration of Lugol’s solution. 
No biopsy of the orbital contents was made in this case. 


Case 2.—Right levator palpebrae superioris muscle. Sections show separation 
of muscle fibres by oedema. Towards the periphery the muscle sheath is thickened 
and there is an increase of fibrous tissue separating the muscle fibres. Here there is 
some swelling and proliferation of fibroblasts. There is also a diffuse lymphocytic 
infiltration throughout the muscle, and a number of focal aggregations of lymphocytes 
(Fig. 8). 

Orbital fat biopsy shows no abnormality. 

Conjunctiva shows inflammatory changes, both acute and chronic. 


Case 3.—Superior rectus muscle. Sections from each orbit show similar features: 
oedema, more marked on the left side, and diffuse fibrosis, more marked on the right 
side. Many muscle fibres show degenerative changes, with some swollen giant fibres, 
sarcolemmal nuclear proliferation, and a replacement fibrosis containing a sparse 
diffuse infiltration with lymphocytes (Fig. 9). 


Fic.9.—Case 3. Biopsy 
of right superior rectus 
muscle showinga diffuse 
increase in fibrous 
tissue, whichis replacing 
some of the muscle 
fibres. In the centre 
is a small muscle fibre 
showing _ proliferation 
of the sub-sarcolemnal 
nuclei. Towards the 
bottom of the field is 
a larger fibre with an 
enlarged central nucleus. 
Haematoxylin and eosin 
(x 335). 





Orbital fat biopsy shows a perivascular lymphocytic infiltration in some of the 
connective tissue septa. 

Conjunctiva shows acute and chronic inflammatory changes. 

Thyroid tissue removed at operation 2 years earlier, weight 50 g. Cut surface has a 
diffusely fleshy appearance. Sections show extensive epithelial hyperplasia with tall 
columnar epithelium which in some areas is thrown up into papillary formations. 
There are extensive areas of reversion to the resting colloid state. 


Case 4.—Right superior rectus muscle. Sections show little oedema. There is an 
extensive fibrosis separating individual muscle fibres; in places this fibrous tissue is 
of loose texture, in others it is quite dense. The appearances indicate that some muscle 
fibres are being replaced by fibrous tissue. There is little inflammatory infiltration. 
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Fic. 10.—Case 4. Biopsy of 
left superior rectus muscle 
showing a focal aggregation 
of lymphocytes and a diffuse 
infiltration extending between 
the muscie fibres. 
Haematoxylin and eosin (x 
160). 


Fic. 11.—Case 6. Biopsy 
of superior rectus muscle 
shows muscle fibres sepa- 
rated by oedematous 
connective tissue with a 
moderate diffuse infiltration 
by plasma cells and 
lymphocytes. 
Haematoxylin and eosin 
(x 165). 


Left superior rectus muscle. Fibrotic process is also well marked, but there is some 
oedema. There are numerous focal aggregations of lymphocytes, some in the septa, 
others within the muscle fasciculi themselves (Fig. 10). The sheath of the muscle is 
thickened. 

Orbital fat normal, although some of the vessels running through it have a perivascular 
collection of lymphocytes. 

Right temporal muscle histologically normal. 


(2) WITHOUT THYROIDECTOMY 

Case 6.—Right superior rectus muscle. Biopsy specimen obtained at orbital 
decompression shows separation of muscle fibres by oedematous connective tissue, 
and a moderate diffuse infiltration of this tissue by plasma cells and lymphocytes. 
The muscle fibres cut in cross-section are normal and no proliferation of sarcolemmal 
nuclei is seen (Fig. 11). 
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Fic. 12.—Case 6. Low-power 
view of section through whole 
orbital muscle cone with the 
optic nerve in the centre and 
the four rectus muscles. The 
distribution of lymphorrhages 
is shown. 

Haematoxylin and eosin (x 2). 


Fic. 13.—Case 6. 
Orbital muscle obtained 
at post mortem shows 
several large focal aggre- 
gations of lymphocytes 
and an_ increase in 
density of the connective 
tissue septa. Van 
Gieson (x 91). 


Levator palpebrae superioris muscle shows similar mild features. 

Orbital contents on both sides removed in toto post mortem. The orbital 
muscles are greatly swollen (Fig. 12). In the sections there is an extensive diffuse 
fibrosis separating the muscle bundles and the individual fibres within the bundles. 
Some atrophy of muscle fibres with replacement by connective tissue is seen, as well as 
numbers of giant cells composed of multi-nucleated masses of sarcoplasm which are 
evidence of muscle regeneration. The muscle sheaths are thickened. Furthermore, 
throughout the orbital muscles on the right side, are scattered well-defined and closely- 
packed aggregations of lymphocytes as well as a more diffuse infiltration by these cells 
(Fig. 13). In the centre of most of these nodules is a thin-walled vessel of capillary or 
venule size. The arteries and veins do not enter into the formation of these nodules. 
In the left orbit where the fibrosis of the muscles is much further advanced, the lymphoid 
collections are less prominent. 
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Orbital fat normal. 

Lacrimal gland shows a slight diffuse periacinar fibrosis with. some focal 
lymphocytic collections. 

Thyroid gland (weight 122 g.) symmetrically enlarged. Cut surface firm and 
pale. Microscopically there is intense epithelial hyperplasia with little colloid storage 
and widespread nodule formation. This is a hyperplastic nodular goitre (Fig. 14). 


Fic. 14.—Case 6. Thyroid 
gland obtained at post 
mortem showing consider- 
able epithelial hyperplasia 
with colloid. accumulation 
in only one acinus. 
Haematoxylin and eosin 
(x 247). 


Case 8.—Extra-ocular muscles. Sections show individual muscle fibres separated by 
oedematous loose connective tissue. No lymphocytic infiltration is seen. Many of 
the muscle fibres are swollen, and in some areas proliferation of the sarcolemmal 
nuclei is seen. 

Left temporal muscle, sectioned for comparison, shows no abnormality. 


Case 11.—Levator palpebrae superioris muscle. Sections of each side show some 
oedema and increased fibrosis of the septa. There is a diffuse lymphocytic infiltration. 
Some of the muscle fibres are swollen, and there is proliferation of the sarcolemmal 
nuclei. 

Orbital fat normal. 

Temporal muscle biopsy shows no abnormality. 


COMMENT.—This series is valuable from the pathological aspect in that 
histological material was available from a wide variety of clinical cases, 
with and without thyroidectomy. Our experience in Case 6 demonstrates 
that a biopsy fragment obtained at operation may not give a true picture 
of the extent of pathological changes in the muscle, a point emphasized 
by Offret (1939). 

All our biopsy specimens from the orbital muscles conform to a more 
- or less uniform histological pattern. The muscle fibres are separated by 
oedematous connective tissue producing fasciculi with greater bulk than 
normal. Some muscle fibres show degenerative changes, seen as swelling 
of the fibre and alteration in its staining reactions. Regeneration of 
muscle fibres is seen in the form of large multinucleated masses of 
sarcoplasm. There is frequently evidence of replacement of muscle fibres 
by fibrous tissue. The fibrous sheaths of the muscles and the septa 
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separating the fasciculi tend to be of increased density and thickness. 
In some cases they too are oedematous. Scattered throughout the muscle 
fasciculi is an infiltration with chronic inflammatory cells, which are often 
found as round or oval focal aggregations either in the connective tissue 
between adjacent fasciculi or actually extending between individual muscle 
fibres. In addition, there may be a scattered diffuse infiltration with these 
chronic inflammatory cells. The larger foci contain vessels of small 
calibre, but the arteries and veins, although often close to the focal 
collections, are not in intimate relation with them. The diffuse infiltrations 
are frequently more prominent. along the course of a large vessel. The 
cells forming these collections, both focal and diffuse, are predominantly 
small, round cells with compact nuclei of lymphocytic type. Some cells 
have larger nuclei with the chromatin pattern of plasma cells, and there 
are a few large mononuclear cells with pale oval indented nuclei. The 
lymphoid nodules contain no germinal centres. The intramuscular nerve 
twigs show no abnormality in routine stains. 


ConcLusions.—If we accept oedema, fibrosis, and inflammatory cell 
collections as the principal changes, then we find that these changes are 
present in all cases examined. The extent and intensity of the changes 
vary from case to case, but these variations do not allow any basis 
for distinguishing different types of the disease. The pathological 
changes found throughout this series correspond with those described by 
Mulvany (1944) under the heading “ thyrotropic exophthalmos”. The 
changes he describes for “‘ thyrotoxic exophthalmos ” (in which “* oedema, 
diffuse or extensive round-celled infiltration, or marked fibrosis is absent ”’) 
were not recognized in this series. Mulvany’s photomicrographs of the 
pathological histology of thyrotoxic exophthalmos are unconvincing, 
especially his references. to degeneration of the intramuscular nerve 
bundles, for the staining methods used are not indicated. 

Offret’s view is that these cases of subacute and chronic orbital mponitis 
are in reality cases of subacute and chronic phlebitis of the intramuscular 
veins. While vessels of capillary or venule size are regularly found in the 
centre of the lymphoid nodules, our observations do not support the 
view that the underlying process is a phlebitis. 

To summarize, the pathological findings, irrespective of the clinical 
history, are essentially the same. There is oedema of the interstitial tissue 
of the muscle, often associated with degenerative changes in the muscle 
fibres, and this is accompanied by lymphocytic infiltration, either of focal 
or diffuse or both. Later there is an increase in fibrous tissue, replacing 
the degenerated muscle fibres and also thickening the fibrous septa and 
sheaths. Minor variations in this histological picture do not warrant 


any subdivision of types of the disease. 
DISCUSSION 


This series of twelve cases illustrates the wide variations that may 


occur in this condition, both as regards its natural course and also 
the response apparent to orbital decompression, thyroid therapy, 


and other treatments. In the main our observations are paralleled 
by those of previous authors, but in some respects our conclusions 
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run counter to views at present current regarding the nature of the 
condition. Certain points arise for consideration: 


(1) Is malignant exophthalmos a single entity or not ? 


First of all, our findings rather refute Mulvany’s view that there are 
two distinct types of malignant exophthalmos, and instead favour the 
view that the condition is a single entity. 

_The wide variations in the symptomatology and clinical course of the 
disease, and in the apparent responses to orbital decompression and 
thyroid therapy, led Mulvany (1944), and to a lesser extent Mann (1946), © 
to regard malignant exophthalmos as caused by more than one distinctive 
pathological process. Our patients illustrate well the differing clinical 
types. First of all we have a subgroup of five patients (Cases 1 to 5) in 
whom exophthalmos began within a few days or weeks of thyrcidectomy 
for toxic goitre, and progressed with varying degrees of rapidity, which 
led to the patient’s being referred to us at periods from a month to three 
years after the operation. A significant feature in this subgroup is that 
while removal of the goitre apparently promptly relieved the thyrotoxic 
symptoms, the ophthalmic features then progressed instead. The clinical 
features of all five cases would fit them into Mulvany’s group of “thyro- 
tropic exophthalmos ”’, and into Mann’s Group II designated “ primary 
excess thyroxine as initial symptom, replaced be excess thyrotropic 
hormone”. All our five patients were demonstrated as having an excess 
of pituitary thyrotropic hormone circulating in the blood, but so of 
course do most patients after thyroidectomy or thiouracil therapy for 
toxic goitre (Purves and Griesbach, 1949). 

Next comes a subgroup of three patients (Cases 6, 8, and 11) in whom 
malignant exophthalmos was associated with a palpable goitre and with 
features of thyrotoxicosis. (In Case 6 the clinical manifestations of 
thyrotoxicosis were late in presenting themselves.) From their clinical 
criteria these cases would fit into Mulvany’s group of ‘“ thyrotoxic 
exophthalmos ”, and into Mann’s Group III designated “‘ excess thyroxine 
and excess thyrotropic hormone arising simultaneously ”. Of our three 
patients, only one (Case 8) was found to have an increase of thyrotropin 
in the blood when the ocular condition was active. 

Finally, we have a subgroup of four patients (Cases 7, 9, possibly 10, and 
12), in whom malignant exophthalmos occurred without thyrotoxicosis 
and without a palpable goitre. These cases conform to Mulvany’s group 
of “ thyrotropic exophthalmos ”, as do the post-thyroidectomy cases, and 
also to Mann’s Group I, designated “* primary deficiency of thyroxine with 
compensatory excess of thyrotropic hormone ”. Two of our four patients 
exhibited an excess of pituitary thyrotropin in the blood and two did not. 

Now the chief difficulty in regarding these three sub-groups as distinctive 
pathological types is that in all those in whom orbital decompression was 
performed, from whichever subgroup they came, we found pale, swollen 
muscles which, when biopsied, showed the same type of chronic inflamma- 
tory change.* We have been unable to confirm in our pathological material 


* Certainly in one case (Case 6), the operative findings and biopsy examinations were inconclusive, and 
at the time we deemed the muscles to be virtually normal. But, at vost mortem less than 3 weeks iater, 
this impression was speedily corrected, and the case shows how difficult it may be to obtain a true 
assessment of the orbital contents merely from an operative exposure. Further, in Case 12 we were 
nonplussed by the finding of a dilated venous ch 1, and ly did not expl the orbital muscles. 
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the histological distinctions between Mulvany’s “thyrotropic” and “thyro- 
toxic” groups which that author described. On the contrary, our findings 
suggest one histological process common to all cases, with variations in 
the intensity and degree of the process between individual patients. 
Instead of being compounded of two or more distinctive types of case, 
malignant exophthalmos is a single pathological entity which can occur 
either in association with, or independently of, enlargement of its 


thyroid and thyrotoxicosis. 


(2) What is the relationship of the condition to the pituitary thyrotropic 
hormone and to thyroxin metabolism ? 


Our cases indicate that, although malignant exophthalmos can occur 
without a demonstrable increase of pituitary thyrotropin in the blood and 
without a palpable goitre and thyrotoxicosis, these three features occur 
together sufficiently often to indicate that there must be some relationship 
between them, although the connection is probably an indirect one. 

Thus the concentration of pituitary thyrotropin in the blood was 
estimated in eleven of our twelve cases, and found to be raised in eight and 
not increased in three. Five of the eight cases in which it was raised 
however, had had a thyroidectomy, and the raised levels in these cases 
may in part at least, be the sequel of this operation. Of the six cases 
which had not undergone a thyroidectomy, three showed a slight to 
moderate increase in the blood and three showed no increase at a time 
when the ocular protrusion was reaching its zenith. It is perhaps of 
significance that in many cases, where repeated estimations were made, the 
levels of pituitary thyrotropin in the blood were observed to fall as the 
ophthalmic signs receded. In Case 9, however, delayed increase of 
pituitary thyrotropin was noted some months after the eyeballs had started 
to recede. 

Again, in only three of the twelve cases was malignant exophthalmos 
associated with thyrotoxicosis, and therefore presumably with an excess 
of thyroxin secretion. On the other hand, the frequency with which the 
ophthalmic signs sometimes advance after a thyroidectomy is too great 
to be a mere coincidence. It seems, therefore, that in some way malignant 
exophthalmos is related to thyroxin secretion as well as to pituitary 
thyrotropin, but that the connecting linkages are unknown. 

In one patient, in whom exophthalmos was associated with thyro- 
toxicosis (Case 8), we noted an extraordinary lability in the B.M.R. 
determinations, which did not seem to be reflected in the clinical state. 
These are referred to in the case report, and their significance likewise is 


not known. 
(3) Is the condition self-limiting ? 

It would seem that the condition is often self-limiting, although the 
degree of recession may be incomplete. One must beware of ascribing a 


spontaneous improvement to the effects of the particular therapy 
which happens to have been tried at the time. Dunnington and Berke 


(1943), in describing their cases of “chronic orbital myositis” draw 
attention to the self-limiting nature of the condition. 


Spontaneous improvement and even recovery were noted in several 
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patients, especially in Cases 9 and 10, who were not treated surgically but 
recovered completely. In Case 10 even medicinal therapy was withheld, 
and in Case 9 a short course of thyroid therapy, given after spontaneous 
improvement had started and before it was complete, did not seem to 
influence the result. Similarly, the complete recovery which occurred in 
Case 12 must have been spontaneous, because it could scarcely have been 
due to the unilateral orbital operation, and no medicinal therapy had been 
given. Again, some improvement was noted in Cases 5 and 11 over a 
period when no medicinal or other active therapy was employed. 

For reasons to be considered in the next section, it would seem that 
spontaneous recovery occurred in the remaining cases also. 


(4) What is the effect of thyroid therapy ? 


In contrast to those who have extolled thyroid therapy are the remarks 
of Means (1948): 
The administration of thyroid is based, of course, on the theory that excess 
thyrotropic activity is a major factor, and that thyroid may suppress such action. 
We have given thyroid to tolerance in a large number of cases and cannot say that 
it is productive of very immediate or dramatic improvement. 


Thomas and Wood (1936) had earlier reported failure of thyroid admini- 
stration in five patients with progressive exophthalmos following 
thyroidectomy. We would go further and say that in our experience 
thyroid therapy has neither prevented the development of the condition 
nor noticeably influenced its progress. 

Case 8 actually developed malignant exophthalmos after she had been 
taking thyroid regularly for more than two years to keep her weight down. 
Also in this case and in four others (Cases 2, 4, 5, and 11), the administration 
of thyroid in what are generally conceded to be adequate doses did not 
check the advance of the condition. Furthermore, in none of the 
remaining cases in which thyroid therapy was employed, as for instance 
after orbital decompression, was any beneficial result observed that could 
not equally well be ascribed to the self-limiting nature of the disease. 

Usually the administration of 2 to 3 grains thyroid daily produced slight 
but definite toxic signs, and raised the basal metabolic rate by about 
20 per cent. (e.g., Cases 4, 9, and possibly 8), but in other instances 
(e.g., Cases 2, 3, and 5) there was no definite effect. Indeed, in Cases 2 
and 3, an extraordinary tolerance was observed to massive doses of 
thyroid, even as much as twenty times that which may be expected to 
produce marked symptoms. Even massive doses of thyroxin given intra- 
venously were without obvious effect in one case. We do not know the 
significance of these observations, neither have we seen them described 
previously. Salter and Soley (1944) described a case of malignant 
exophthalmos treated with intravenous injections of thyroxin with the 
production of thyrotoxic manifestations and with apparent benefit to the 
eyes. The amount of thyroxin administered was only a fraction of that 
used in our case. 


(5) What is the effect of orbital decompression ? 


The theoretical principle underlying orbital decompression is the 
enlargement of the orbit the better to accommodate the swollen orbital 
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contents, so enabling the eyeball to recede. The operation is purely 
palliative, and does nothing to correct the unknown aetiological basis of 
the condition. In some cases it apparently produces striking beneficial 
results, in some the eyeball does not recede, and in some, after a period 
of temporary recession, the eyeball protrudes once more as the pathological 
process within the orbit advances. We have been unable to foretell in 
individual cases the exact effect of the operation. 

Orbital decompression was performed in nine cases. Excluding 
Case 12, in which a unilateral operation could scarcely have accounted for 
the improvement that occurred in both orbits, three (Cases 1, 2, and 4) 
appear to have shown prompt and definite recession of the eyeballs, but in 
the remainder spontaneous recession of the globes was slight or doubtful. 
In Case 2 the beneficial effect of the operation appears to have been 
controlled, for the operation was only performed on one side and only 
that side improved. Where orbital decompression was promptly followed 
by recession of the globes, we usually observed at operation that, when the 
periorbita was incised, the orbital fat bulged upwards as if the orbital 
contents were under pressure; whereas in those cases where little, if any, 
bulging of the orbital contents was seen, little or no benefit followed the 
decompression. There were exceptions to these correlations, yet in both 
groups the operative findings were otherwise identical: there were the 
same swollen muscles and the same chronic inflammatory histological 
changes. We cannot explain, therefore, why the orbital contents seemed 
to be under increased pressure in some cases, and in others not. 

Although little, if any, spontaneous recession of the eyeballs was 
apparent at the conclusion of the operation in many cases, the swollen 
orbital tissues could usually be pressed back into the orbit, so that the 
eyelids could be approximated and stitched together more readily than 
before. This degree of benefit, although slight and of a passive rather 
than an active character (e.g., Cases 3, 7, 8, and 11), lasted for several 
weeks or months while the intra-orbital lesions were at their height, and 
so helped to preserve the eyeballs until the tide ebbed. 

In at least two patients (Cases 1 and 11) the eyeballs, after a slight 
immediate recession, began to protrude again a few days later, so that 
fresh corneal ulceration developed, and the globes remained protruded for 
some time before subsiding again. Evidently this period of protrusion 
corresponded with the flood tide of the pathological process, and the 
decompression- which had been performed while the tide was rising had 
apparently had some diminishing effect upon its height. 

We feel, therefore, that in certain circumstances, as when the ocular 
protrusion has reached such a pitch that corneal ulceration has appeared, 
the operation of orbital decompression has proved a useful adjunct in 
treatment in spite of its limitations, but that it is not the panacea which 
some authorities have claimed. 


(6) What are the effects of other forms of treatment ? 

Irradiation of the pituitary to control its thyrotropic activity, irradiation 
of the orbit, excision of the stellate sympathetic ganglion, and the 
administration of sex hormones, are other therapies that have been 
recommended, but all are apparently disappointing in their results 
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(Niall, 1939; Haik, 1944; Brain, 1945 ; Robertson, 1945; Martens, 1947). 
Certainly the administration of testosterone, and later of stilboesterol, to 
Case 3 in our series was without obvious benefit. Doubtless other 
measures have been tried and have had their advocates, but it is likely that 
benefit which may occasionally seem to follow a particular form of therapy, 
may equally be due to the self-limiting nature of the condition. 


One form of local therapy which may be tried, and which we may not 
have applied often enough, is lateral tarsorrhaphy, as recommended by 
Mann (1946). This was employed with success in Case 3 as an adjunct 
to orbital decompression, and had we used it in other cases we might have 
lessened the need for the long-continued stitching of the eyelids. In 
some of our cases it might have been applied without a decompression, 
but in cases with gross chemosis and protrusion it would hardly have 
sufficed (e.g., Cases 2, 3, and 12). 


SUMMARY 


Malignant exophthalmos is a self-limiting condition, and although 
it is connected with the secretion of pituitary thyrotropin and 
of thyroxin, the relationship is an indirect one, and the linkages 
are unknown. We have no fresh hypotheses to offer to explain the 
nature of the underlying process. 


As regards treatment, thyroid administration is of very doubtful 
value and is probably ineffective. The effect of any therapy must 
not be confused with the spontaneous improvement that occurs in 
the later stages of the condition. 


Undoubtedly in one sub-group of cases the ophthalmic signs 
become aggravated after a thyroidectomy. Therefore, in patients 
with toxic goitre presenting definite ocular protrusion, as opposed to 
mere lid-retraction, it is wise to avoid thyroidectomy altogether. If 
the thyrotoxicosis is slight, thyroidectomy is unnecessary; if the 
thyrotoxicosis is severe, it is probably safer to treat it by bed rest or 
by one of the slow non-operative methods. Means (1948), in 
discussing this point, recommends irradiation of the thyroid or the 
use of radio-active iodine, rather than thiouracil, which he regards 
as productive of a “ medicinal thyroidectomy ”’, and hence to be 
avoided for the same reasons as the surgical procedure. We have 
not been called upon to treat such cases. 

In cases of mild or moderate exophthalmos, where the eyeball is 
not in danger from exposure, active treatment should be withheld 
in the hope that a spontaneous remission may occur. 


Surgical treatment is indicated if the exophthalmos becomes 
pronounced. At this juncture, a lateral tarsorrhaphy may be useful, 
as in the cases described by Mann, but in the severest: cases, as when 
chemosis of the conjunctiva and corneal ulceration are present, 
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orbital decompression should be considered. This operation of 
itself may greatly benefit some patients, but in others the only benefit 
apparent may be that the eyeballs can be pressed backwards into the 
orbit, so enabling the eyelids to be more readily approximated. 


The elucidation of the cause and pathology of malignant exophthal- 
mos is one of the most pressing problems confronting thyroid surgery 
today. 


We wish to thank the various physicians and surgeons mentioned in the text who 
entrusted their patients to us. We are also grateful for estimations of the pituitary 
thyrotropic hormone and for help given in discussions by members of the Thyroid 
Research Unit of the Otago University Medical School (Drs H. D. Purves, 
W. E. Griesbach, and Sir Charles Hercus). 


REFERENCES 


BRAIN, W. RUSSELL (1938). Quart. J. Med., 7, 293. 

(1945). Proc. roy. Soc. Med., 38, 666. 

Dopsyns, B. M. (1946). Surg. Gynec. Obstet., 82, 290, 609, 717. 
DUuNNINGTON, J. H., and Berke, R. N. (1943). Arch. Ophthal., Chicago, 30, 446. 
Haik, G. M. (1944). Arch. Surg., Chicago, 48, 214. 

Hope-RoBERTSON, W. J. (1947). Trans. ophthal. Soc. N. Z., 18. 

MANN, I. (1946). Amer. J. Ophthal., 29, 654. 

Martens, T. G. (1947). Amer. J. med. ‘Sci., 213, 241. 

MEANs, J. H. (1942). New Engl. J. Med., 227, 594 

(1944). Amer. J. med. Sci., 207, 1. 

(1948). ‘* The Thyroid and its Diseases’, 2nd ed. Lippincott, Philadelphia. 
Mu.vany, J. H. (1944). Amer. J. Ophthal., 27, 589, 693, 820: 

NAFFZIGER, H. C., and Jones, O. W. (1932). J. Amer. med. Ass., 99, 638. 
(1933). Arch. Ophthal., Chicago, 9, 1. 

(1938). Ann. Surg., 108,529. 

NIALL, F. (1939). Trans. ophthal. Soc. Aust., 1, 55. 

OFFRET, G. (1939). ‘* Les myosites orbitaires ”. Doin, Paris. 

Pocuin, E. E. (1939). Clin. Sci., 4, 79. 

Purves, H. D., and GriesBacu, W. E. (1949). Brit. J. exp. Path., 30, 23. 
RosBeErRTSON, C. (1945). Aust. N.Z. J. Surg., 14, 262. 

ROSENBAUM, J. (1937). Canad. med. Ass. J., 36, 12. 

RUNDLE, F. F., and Pocuin, E. E. (1946). Clin. Sci., 5, 51. 

and Witson, C. W. (1944). IJbid., 4, 31. 

SALTER, W. T., and So.ey, M. H. (1944). Med. Clin. N. Amer., 28, 484. 
Sotey, M. H. (1942). Arch. intern. Med., 70, 206. 

Tuomas, H. M., and Woops, A. C. (1936). Bull. Johns Hopk. Hosp., 59, 99 





























Brit. J. Ophthal., 35, 284. 


INTRACAPSULAR EXTRACTION BY 
KIRBY’S TECHNIQUE* 
RESULTS IN SIXTY CASES 

BY 


JAMES R. HUDSON 
London 


THE principles underlying Kirby’s method of intracapsular extraction 
(Kirby, 1949) seemed to be mechanically sound, and it was decided 
to take advantage of the opportunity which I was privileged to have 
as a house surgeon at Moorfields Hospital, to make use of this 
technique. With the exception of a small number of cases operated 
on recently at the West Middlesex Hospital, the results given refer 
to patients operated on at Moorfields between January and 
November, 1949. The cases are not consecutive, as the intra- 
capsular operation was not undertaken where it was considered that 
the extracapsular procedure would give an equally good visual result, 
and in a few cases alternative methods of intracapsular extraction 
were used. The stages of the operation will be briefly described and 
mention will be made of the use of a modification of Greeves’ 
conjunctival stitch (Greeves, 1933) as an aid to security of the wound. 


METHOD 


The preliminary measures of culture, pre-operative use of penicillin and proflavine 
drops, sedation, and general preparation of the patient are those normally employed at 
Moorfields Hospital. Mydriasis is achieved by the pre-operative instillation of 
2 per cent. homatropine, and if the pupil is not fully dilated by the time the patient 
reaches the operating theatre, adrenaline (3 minims 1/1000 solution) is injected sub- 
conjunctivally, in the 6 o’clock position. 


ANAESTHESIA.—Local anaesthesia is effected by: 
(1) the instillation of 4 per cent. cocaine drops; 
(2) retrobulbar injection of 1.5 ml. 4 per cent. novocaine. 


The latter injection is given through the upper eyelid, the needle being introduced 
along the medial border \of the superior rectus and then directed downwards and 
backwards into the muscle cone. The advantages of this technique are: 

(1) the low incidence of retrobulbar haemorrhage—this complication did not 
occur in any of the cases described; 
(2) the production of akinesia of the superior rectus by direct infiltration. 
Akinesia of the muscles of eyelid closure is induced by the direct injection of those 


branches of the seventh nerve supplying the lid muscles near the condyle of the mandible 
(O’Brien, 1929). 





* Received for publication February 13, 1951. 
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TECHNIQUE 
Lid Retraction.—Three black silk sutures are used, two in the upper lid and one in the 
lower lid (Fig. 1). 








Fic. 1.—Lid-retraction sutures in position. 


Fixation of Eyeball—This is secured by a white silk suture through the superior 
rectus muscle, and fixation by forceps of the tendon of the internal rectus (Fig. 2). 











Fic. 2.—Fixation, using superior rectus stitch and fixation of medial rectus 
insertion by forceps. 
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Fic. 3.—Modification of Greeves’ conjunctival stitch. Upper limb of 
stitch passes superficially through sclera. 
A. Line of conjunctival flap. B. Line of sclero-corneal incision. 


Section.—A large corneal: section is made with a Graefe knife, beginning across or 
just above the ‘horizontal meridian. In three cases a corneo-scleral stitch was used 
(Stallard, 1938), in 33 cases a modification of Greeves’ conjunctival stitch was used 
(Greeves, 1933), the upper limb of the stitch being scleral rather than conjunctival in 
its insertion (Fig. 3), and in the remaining 24 cases a conjunctival flap was cut on 
completing the section, but no stitch was intseduced. 


Iridectomy.—A peripheral or complete iridectomy is then performed, depending upon 
the circumstances encountered at the time of operation, and the anterior chamber is 
washed out if bleeding from the section has obscured the view of the lens. At this 
stage the superior rectus suture is released, but is left in position. 


Application of Forceps.—Castroviejo’s cross-action forceps are used, and these are 
applied above, tangentially, just in front of the true equator of the lens (Verhoeff, 1927) 
(Fig. 4). 

Removal of Lens.—The zonule is ruptured by the indirect method as described 
in detail by Kirby (1949), but using an Arruga’s lens expressor. The lens is held in 
the forceps, gentle traction being exerted until the rupture of the zonule has been 
completed, when the upper margin of the lens will appear in the section. The expressor 
is then used to follow up the lens as its removal through the section is completed. 


Completion of Operation.—The iris carefully reposed and the section closed, the 
details of technique depending upon whether a stitch has been used. The superior 
rectus suture and the retraction stitch on the lower eyelid are removed. Eserine 
(1 per cent. aqueous) and penicillin drops are instilled, and the upper lid is secured in 
the closed position by means of the retraction sutures placed at the beginning of the 
operation. 

















INTRACAPSULAR EXTRACTION 287 











Fic. 4.—The capsule is grasped tangentially near the equator of the lens 
in the 12 o’clock position (seen from above). 


Post-operative Care.—The post-operative treatment follows the lines normally 
adopted after intracapsular extraction. The patient is allowed to sit out of bed on the 
third post-operative day, and occasionally on the second day, and this greatly increases 
his comfort without detriment to the healing of the eye. It also minimizes the risk of 
the major general complication of pulmonary embolism in older patients. . 


RESULTS 
Pre-operative Complications 
Choroido-retinal degeneration ae 2 
Corneal ulceration (healed) 3 2 
Diabetes as “ee bee 2 
Glaucoma. - Previous acute attack be te) 
Chronic simple ... sae ... 3 (Both eyes in ome case; 


unoperated eye in one case) 


Iritis (previous attack) 1 
Retinal detachment 1 
Trauma : 2 
Operative Complications 
Vitreous loss... oat a es2 ‘ee @ 
Rupture of capsule ___... ; cee OF 


Arruga’s forceps used in two cases. 

Castroviejo’s forceps used in four cases. 

Capsule removed separately in four cases. 

Capsular remnants seen post-operatively in two cases. 
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Post-operative Complications 





\ Conjunctival Flap 






























































Comnti i | Corneo-scleral 
er No stitch | ‘Stitch | Stitch 
Choroidal detachment ... 3 | 1 | 1 
Hyphaema. Large... | l | 2 0 
Recurrent... Be eae | 0 { 2 | 0 
BOM Sopot wed a 0 
Intra-ocular infection Bee | 0 | 0 | 0. 
Iris prolapse “aes oe aay ~++ re) \ it { 0] 
Stitch abscess "ya! ‘ ia 0 1 0 
Vitreous haemorrhage ... ... | { [ | 0 
Total Cases Mt | es ere eat 3 
Post-opérative Visual Acuity 
Grade... | 6/5 | 6/6 | 6/9 | 6/12 | 6/18. 6/24 | «6/24 6/60. | 6/60 oF less 
No. of Cases | 2 | 4 | 2 si ek, Pes to a ee 
Causes of Reduced Visual Acuity (less than 6/12) 
) } 
Opacities of Media | Cornea 2* 
| Vitreous | 2 
Retinopathy ) Arteriosclerotic \ 1* 
[ i, 
| Diabetic 0 
| Senile macular degeneration | val 
| Myopic fundus changes 2 
Retinal Detachment | I 
Glaucoma Secondary 1 
{ 
Chronic simple | 2 
Unknown 6 
Total | 18 





* One case with central corneal nebula and arteriosclerotic fundus changes 
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COMMENTARY 
Kirby classified the various manoeuvres for rupture of the zonule as: 
(1) Indirect Rupture by: 


(a) pressure from without; 

(b) traction on the lens or its capsule and transmitted to the zonule; 
(c) rotation of the lens in its capsule; 

(d) various combinations of these manoeuvres. 


(2) Direct Rupture, used alone or in combination with one of the above methods. 


In the present series, direct rupture of the zonule was not attempted. 
This technique might have prevented the rupture of the lens capsule 


in the six cases in which this occurred, but on the other hand, if the 


lens capsule is thin, the indirect method can still be successfully used, 


providing that the greater force is produced by pressure from without, 


the capsule forceps being used as a guide for the emerging lens rather 


than to assist in the rupture of the zonule. 


In all but two cases (in which Arruga’s intracapsular forceps were 
employed) Castroviejo’s cross-action forceps were used (Castroviejo, 
1939). These forceps have the following advantages: 

(1) having gripped the capsule, the surgeon need exert no muscular effort to maintain 
the hold, and the small muscles of the hand are free for delicate manipulation; 

(2) an equal bite of capsule can always be taken by opening the forceps as far as 
the stop; 

(3) a uniform pressure is exerted by the blades of the forceps, through the spring 
action of the instrument. 


The use of Verhoeff’s technique (Verhoeff, 1927) of holding the 


lens above has two important advantages: 


(1) a good view is given of the progress of the extraction; 
(2) as the lens is slid rather than tumbled out, there is little disturbance of the vitreous 
face. This is well brought out by Harrington (1948), and the absence of vitreous loss 


as an operative complication in the present series of cases gives practical support to his 


view. 


The post-operative complications can only be compared between 


those cases in which a conjunctival flap alone was used, and those in 


which a conjunctivo-scleral stitch was introduced, as a corneo-scleral 
suture was used on only three occasions. The incidence of hyphaema 
is much the same in both groups, and the one case of iris prolapse 
occurred in a patient in whom a stitch was used.* The stitch 
abscess which developed was in the sclera, and proved very resistant 
to treatment. There seems to be little correlation between the type 
of wound closure used and the incidence of choroidal detachment. 


* This patient got out of bed and sat on the floor on the first post-operative day ! 
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The final visual results in the present series of cases emphasize the 
fact that, although 28 of the patients had a corrected acuity of 6/9 or 
better, there is a significant number in whom the final vision was 6/12 
or less, in whom no obvious cause could be found. I have observed 
that, after intracapsular extraction, the corrected visual acuity at the 
time of leaving hospital is generally lower than in cases of extra- 
capsular extraction in whom only a fine posterior capsule remains. 
It would not be unreasonable to assume that the intracapsular 
procedure causes considerably more temporary disorganization of 
the globe than does the more conservative type of operation, 
irrespective of the particular technique adopted. 





SUMMARY 


A series of sixty cases is reviewed, in which intracapsular extraction 
was performed by Kirby’s technique. The operative results, 
complications, and corrected visual acuities are tabulated. 


I should like to thank the members of the Consultant Staff at Moorfields for their 
encouragement, and for permission to make use of the hospital records of the cases. 
A few patients were operated upon at the West Middlesex Hospital, and my thanks 
are — to Mr. R. L. Galloway, the Medical Director, for permission to use the case 
records. 
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ANATOMICAL STUDY OF SCHLEMM’S 
CANAL AND AQUEOUS VEINS BY 
MEANS OF NEOPRENE CASTS* 


- PART I. AQUEOUS VEINS 
BY 


NORMAN ASHTON 
From the Department of Pathology, Institute of Ophthalmology, London 


THE purpose of this paper is to report a new technique which has 
been devised to demonstrate the anatomy of Schlemm’s canal, its 
immediately related vessels and the aqueous veins in particular. 

It has long been recognized that an exact knowledge of the 
anatomy of Schlemm’s canal, apart from being of academic interest, 
is pre-requisite to the proper understanding of those physiological and 
pathological processes which are concerned with the elimination of 
intra-ocular fluids. Among the many important papers on the 
subject are those of Hovius (1716), Fontana (1781), Schlemm (1830), 
Retzius (1834), Rouget (1856), Schwalbe (1870), Leber (1873), 
Waldeyer (1875), Rochon-Duvigneaud (1892), Troncoso (1905), 
Henderson (1908), Maggiore (1917), Dvorak-Theobald (1934), 
Swindle (1937), and Kiss (1943). The work of most of these 
writers has been so well reviewed by Dvorak-Theobald (1934) that 
there is no purpose to. be served by re-capitulating it here. All their 
studies were made upon specimens injected with dyes or Indian ink, 
reconstructed serial sections, or combinations of the two methods. 
While the use of serial sections is a valuable technique in this type of 
investigation, it is one which has a number of serious disadvantages. 
It is exceedingly tedious and time-consuming, thus limiting the 
number of eyes which can be examined; furthermore, the specimen 
is distorted in varying degrees in the process of fixation and cutting, 
and models constructed from such preparations may, therefore, be 
most misleading. 

The present work began with an anatomical study of aqueous veins 
and, since there are no known histological characteristics by which 
they may be recognized in a section, it was decided to attempt to 
prepare Neoprene casts of Schlemm’s canal in eyes removed at 
operation in which aqueous veins had been previously identified and 
marked with a loop suture. Neoprene latex was first introduced 
for renal vascular studies by Lieb (1940), and has since been used by 


* Received for publication February 12, 1951. 
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Shonyo and Mann (1944), Duff and More (1944), and Trueta and 
others (1947), but this is the first occasion upon which its use has 
been reported in studies of the vessels of the eye. The technique 
described below has proved successful, and it has not only been 
possible to demonstrate the origin of aqueous veins in four cases, 
but the specimens have also shown the anatomy of Schlemm’s canal 
in a most striking way. Much of the work carried out by previous 
investigators is completely confirmed by the Neoprene casts, but 
the casts also show that many writers gained a faulty or incomplete 
conception of the true anatomy of the canal and its branches from 
serial sections. Our method is not, of course, without its own 
limitations; for instance, arteries and veins cannot be distinguished 
as in stained sections, filling defects may be misinterpreted, and the 
final preparations are extremely delicate and difficult to manipulate. 
Nevertheless, these disadvantages work in a different direction from 
the disadvantages of serial sections, and the two methods are thus 
complementary to each other. This technique promises, therefore, 
to be of value in a wider field than that for which it was originally 
designed. fa 


TECHNIQUE 
APPARATUS (Fig. 1). 

(1) Stereoscopic microscope.* (The stage is removed and replaced by a transparent 
perspex platform supported from the screw stand, so that the microscope may be moved 
without disturbing the specimen). 

(2) Direct source of illuminationt (either from an electric-light fitting with condensing 
lenses mounted on universally adjustable arms which can be attached to the microscope, 
or from a separate high-power low-voltage filament lamp). 

(3) Transparent circular perspex platform with gutters and drainage holes. 

(4) Black perspex tray with rubber drain to sink. 

(5) Adjustable screw stand with ball-jointed arms and clamp.+ 

(6) Fine glass capillary cannulae as shown in Fig. 2 (easily prepared in the laboratory). 

(7) Small Woulff’s bottles, connected to cannulae and pump, for irrigation 
(alternatively the water-irrigating cannula may be connected directly to the water tap). 

(8) Electric pump (Edward’s ‘rotary vacuum pump dnd compressor, Type IV, 
adjusted to give a pressure of 10 Ib.). 


MATERIAL.—The technique is applicable to unfixed eyes excised at 
operation or to post-mortem material taken within a few hours after 
death; if post-mortem degeneration is present the injection fluid may 
rupture the vessel walls. 


MeETHOD.—The following instructions apply when it is required to 
demonstrate the anatomy of aqueous veins; when Schlemm’s canal alone 
is to be studied, proceed from Section 5. 





* Cooke Troughton and Simms, Ltd., Stand M6020. + Cooke Troughton and Simms, Ltd., M6443 
or M1805. +C. F. Palmer, London. 
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Fic. 1.—Apparatus used for the injection of Schlemm’s canal. 


A. Stereoscopic microscope (1) G. Drainage tube to sink (4) 
* Lape ne oteanay  p (5) H. Woulff’s bottle (7) 
. Ball-jointed arm 
D. Cannulae. Types A and B (6) J. Tubing to pressure pump (8) 
E. Perspex platform (3) K. Rnnning tap water (7) 
F. Black Perspex Tray (4) L. Electric light fitting (2) 


(1) A patient is selected in whom the eye is to be enucleated, preferably 
for a posterior pathological condition in which the anterior vessels are 
not congested or otherwise abnormal; e.g., a choroidal melanoma. 


(2) An aqueous vein identified by the use of the slit lamp is recorded 
by a drawing and, if possible, a photograph. 

(3) At the operation, immediately before the eye is enucleated, a fine 
suture of black silk or tantalum wire is passed around the aqueous vein 
and tied loosely so that the flow of aqueous is not.impeded. At this 
Stage it is important to avoid lacerating vessels with the needle; otherwise 
when the Neoprene is injected it will leak out and obstruct the view of 
the vessel to be studied. 


(4) The eye is now enucleated and as much conjunctiva is removed in 
the region of the aqueous vein as is compatible with a satisfactory repair 
of the orbital cavity. The eye is placed at once into heparin water to 
prevent coagulation of blood within the vessels and to lyse the red cells 
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(approx. 3,000 units heparin per ml.). The fact that the cornea may be 
required for graft purposes interferes with the technique only in that the 
necessary delay allows time for the blood to clot in the vessels. If the 
cornea must be taken, the method can still be used, but the results are 
likely to be less satisfactory. 

(5) Mark the cornea with a superficial linear incision at 12 o’clock. 
It is essential that thisincision should be accurate so that it may subsequently 
be possible to orientate the cast. 

(6) Cut the eye coronally through the ora serrata. If a histological 
report is required, the posterior portion should be placed in 10 per cent. 
formol saline, but on no 
account must fixative be 
allowed to come into 
contact with the anterior 
portion. 

(7) Remove the lens, 
iris, and ciliary body. 
Alternatively, if the deep 
connections of Schlemm’s 
canal are to be studied, 
the iris and ciliary body 
should be left in situ and 
the pigment removed 
with a camel-hair brush 
under running water. 
Until the intricacies of 
the technique are mastered it is easier in the first instance to carry 
out the injection with the iris and ciliary body removed as this allows 
a clear view of the canal. 

(8) Cut to the centre of the cornea through the corneo-scleral junction 
at 12 o’clock, along the incision previously made. 

(9) Under the stereoscopic microscope (eyepiece x 7, objective x 1.25, 
giving a magnification of x 8.75), a fine glass capillary cannula (Fig. 2, 
Type A), connected to a water-tap and held in the adjustable clamp, is 
inserted into the open end of Schlemm’s canal (Figs 3 and 4). Contrary 
to what might be supposed, this procedure is a simple one and the open 
end of the canal can easily be seen in the posterior part of the pigment 
band of the uveo-scleral meshwork. The canal is irrigated with water in 
both directions’*for about 2 hours until all the blood is washed out of the 
pericorneal vessels. 

(10) A bulb capillary glass cannula (Fig. 2, Type B), with the capillary 
end bent at right angles and pointed sideways towards the operator, is 
now filled with Neoprene latex coloured red with carmine*, and is attached 
to an electric pump. 

The cannula, held in the clamp, is now inserted into Schlemm’s canal, 
and the Neoprene is injected for about one minute or until the canal is 
seen to have filled throughout its extent. This should be carried out 





Fic. 2.—Types of cannulae used for Neoprene 
irrigation (A)-and injection (B). 





*It is necessary to colour the Neoprene in order that the degree of filling of the vessels may be seen, 
but for photographic purposes it is preferable that the final cast should be white ; carmine bleaches in 
the subsequent process of tissue digestion and was selected for this reason. 
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Fic. 4.—High-power view 
of glass. cannula’ in 
Schlemm’s canal; seen in 
Fig. 3. 


Fic. 3.—Anterior part of 
the eye cut to the centre of 


‘the cornea through the 


corneo-scleral junction at 
12 o’clock. The cannula 
is inserted into the open 
end of Schlemm’s canal. 





under a stream of water so that any escaping Neoprene is immediately 
washed away and its adherence to the specimen is thus reduced to a 
minimum. When injection is complete the, episcleral, limbal, and 
conjunctival vessels may be seen to be fully injected (Fig. 5, overleaf). 


(It was found that the aqueous veins were also filled, Figs 8 and 10). 
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Fic. 5.—Pericorneal vessels after an 
injection in which black Neoprene 
was used. 


Fic. 6.—Injected specimen placed — 
in dish containing pepsin in N/10. 3. 
hydrochloric acid and incubated at 

37°C. for 48 hours. SF 


cs 


Fic. 7:—Part of a Neoprene cast of 
Schlemm’s canal showing ‘collector 
channels passing into the deep 
scleral plexus from which intrascleral 
branches pass to the episcleral plexus. 
‘Mounted in gelatin. x18 
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(11) The injected specimen is now placed in a small dish containing 
pepsin in N/10 hydrochloric acid and incubated at 37° C. for 48 hours 
(Fig. 6). At the end of this time the specimen will be seen to be softened 
and partially digested (the cornea will have disappeared) and much can 
be learnt by examining the specimen at this stage while the cast can still 
be seen through the translucent tissues in its normal position. Neoprene 
mixed with Indian ink makes an ideal injection fluid for studies at this 
stage. The pepsin solution is then carefully replaced by a solution of 
trypsin in 10 per cent. sodium bicarbonate for a further 48 hours. The 
scleral tissue disintegrates but does not completely disappear. (The 
specimen may be corroded in hydrochloric acid but we abandoned this 
method because it led to distortion and sticking of the cast). 


(12) The specimen, still in the trypsin fluid, is now placed under the 
stereoscopic microscope and the gelatinous, semi-digested tissue may 
easily be teased gently from the cast. The trypsin solution is now carefully 
replaced with water: the cast must not be allowed to dry, otherwise the 
minute twigs adhere together permanently and their spatial arrangement 
is lost. 

At this stage, with fine dissecting instruments, the anatomy can be 
made out and recorded by drawing or photography. From these records 
large-scale models may later be constructed with wire and plasticine 
(Fig. 13, p. 301). 

(13) A permanent mount of the cast is prepared as follows: 

The specimen is carefully floated into a large petri dish. It is held in the required 
position beneath iced water and warm, cleared 20 per cent. gelatin is run on to it with 
a teat pipette; as the gelatin sets the cast is held in position. The water is then poured 
off and the specimen is exposed to formalin vapour which hardens the gelatin and so 
prevents its subsequent solution and infection with moulds (Fig. 7). 

Finally, the specimen is mounted in more gelatin on a concave slide and the cover- 
glass is sealed by Rousselet’s method (two or three applications of a solution 
containing two parts of Damar resin in benzol and one part of gold size, followed by 
one application of pure gold size). 


(14) Substances other than Neoprene (such as vinolyte, Marco resin, 
or perspex) may be used, but the technical difficulties are much greater 
and we have not so far succeeded in overcoming them. 


The above technique was used throughout the investigation 
reported in this paper. It has recently been found, however, that 
the following modification gives better results: 


After the canal has been irrigated with water (Section 9) 10 per cent. 
formol saline is pumped in both directions for about 2 minutes. The 
specimen is then placed in slow running water overnight in order to 
remove the formalin which would otherwise rapidly coagulate the 
Neoprene. Next morning the canal is irrigated with water before the 
Neoprene is injected. This modification ensures that the canal and its 
connections are fixed in the fully dilated position, and tends to reduce the 
permeability of the vessel walls; the procedure thus results in a more 
perfect cast with fewer artefacts. 
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THE ANATOMY OF AQUEOUS VEINS 


The discovery of aqueous veins independently by Ascher in 1942 
and by Goldmann in 1946 has tended to confirm the hitherto 
controversial belief that there is a continuous drainage of aqueous 
from the anterior chamber; that the veins contained aqueous humour 
was made probable by Ascher’s studies and was proved by 
Goldmann’s intravenous fluorescein-injection experiments. In the 
literature on aqueous veins which has accumulated since 1942, the 
demonstration of the exact anatomy of these vessels has not, 
curiously enough, been seriously attempted: most workers have been 
content to assume, from the considerable clinical evidence, that they 
arise directly or indirectly from the canal of Schlemm. Maggiore 
(1917) and Theobald (1934) have both stated that there are between 
twenty and thirty efferent branches of Schlemm’s canal (a statement 
we shall later discuss) lying midway in the thickness of the tissue of the 
corneo-scleral junction, and “ as a rule they are greatly flattened ”. 
These venules were said to reach their destination in the intrascleral 
venous plexus by a course that is sometimes straight but often rather 
tortuous, occasionally sending a branch to the episcleral vessels at 
the limbus. Ascher (1942) believes 


that these latter branches are to be considered as the anatomic substrata of at least 
a great many if not all of the aqueous veins . . . whether histologic differences 
could be found between vessels recognized intra-vitam to be aqueous veins and 
ordinary vessels of the peri-corneal region is a question worth investigation. 


Weinstein (1950) is of the opinion that laminated aqueous veins 
are probably continuations of the thin veins of the ciliary plexus 
described by Kiss (1943), where the blood and aqueous must have 
mixed together; he advances arguments for believing that a 
discharge system other than Schlemm’s canal exists. Henderson 
(1950) maintains that aqueous veins should not be considered as 
separate entities as their special appearances are simply due to a 
continuation on the surface of the perivascular spaces which surround 
all vessels in the sclera, while from the clinical aspect such veins do 
Not account for the disappearance of a hyphaema or hypopyon when 
there is no tension. Trantas (1950) has failed to confirm Goldmann’s 
fluorescein experiments; he holds that laminary veins are an ordinary 
phenomenon and that they are in no way related to the elimimation 
of the aqueous fluid. There is, therefore, sufficient speculation and 
difference of opinion to indicate the need for a purely anatomical 
study of aqueous veins, and the purpose of this research, which is 
still in progress, is to answer the question: 


What is the exact origin and course of aqueous veins and in what way 


do they differ anatomically fram the other vessels of the pericorneal 
region } 
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Fic. 9.—Case 1. Drawing from Neoprene cast shown in Fig. 8. The 
aqueous vein on the left can be seen arising directly from Schlemm’s 
canal by a hook-shaped origin, while the aqueous vein on the right does 
not arise directly from the canal but is connected to it via the deep 
scleral plexus, shown in green. 
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Fic. 12.—Case 2. Drawing from a Neoprene cast shown in Fig. 10. 
The deep scleral plexus is shown in green. The aqueous vein on the left 
can be seen to arise directly from Schlemm’s canal by a hook-shaped 
origin, while the aqueous vein on the right does not connect directly 
with the canal but is connected with a communicating branch between 
the superficial and deep scleral plexuses. 
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Fic. 8.—Case 1. Low-power view of two aqueous veins after injection of 
Schlemm’s canal with black Neoprene. The two black silk sutures may 
be seen around the vessels. . The photograph was taken before the tissue 
was removed by corrosion. The details of the origin of the aqueous 
veins are shown in Fig. 9: s 


RESULTS 


The recognition of the aqueous veins and their identification with 
a loop suture was carried out in all cases by Mr. Arthur Lister 
London, and we gratefully acknowledge his valuable assistance in 
this important preliminary step. 

Case 1. Male aged 67 (patient of Mr.°A. G. Cross), melanoma of the choroid. 
Striated aqueous veins were seen situated at 6 and 7 o’clock; a black silk ligature was 
tied loosely around each vessel. The eye was enucleated and the cornea taken for 
grafting. The anterior part of the eye was removed and a radial cut to the centre of 
the cornea was made at 4 o’clock. Neoprene coloured black with Indian ink was 
then injected into Schlemm’s canal, and a photograph was taken (Fig. 8). Both 
aqueous veins filled with Neoprene. 

The specimen was now corroded in hydrochloric acid gas and when the tissue had 
completely corroded the larger of the two aqueous veins (7 o’clock) was seen to arise 
directly from Schlemm’s canal by a hook-shaped origin as shown in the diagram 
(Fig. 9). The smaller vein (6.0’clock) did not communicate directly with Schlemm’s 
canal, but connected with a communicating branch between the superficial and deep 
scleral plexus. 
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Fic. 10.—Case 2. Neoprene cast of Schlemm’s canal showing sector in 
which two aqueous veins were ligatured with tantalum wire loops still to 
be seen in situ. Details of the origin of the aqueous veins in this case 
are shown in Figs 11, 12 (see colour plate), and 13, 


Fic. 11.—Case 2. High-power view of Neoprene cast showing hook- 


shaped origin of one of the aqueous veins. Note also a cruciate varicose 
type of collector channel from Schlemm’s canal. 











ANATOMY OF AQUEOUS VEINS 301 





ORIGIN OF AN AQUEOUS VEIN. 








£ 


Fic. 13.—Case 2. Plasticine and wire model made from Neoprene cast 
shown in Figs 10 and 11, demonstrating the hook-shaped origin of an 
aqueous vein. x16 normal size (original‘model x 100). . 


Case 2. Female aged 38 (patient of Mr. C. Dee Shapland), melanoma of the ciliary 
body. Striated aqueous veins were seen situated at 7 and 8 o’clock; .a tantalum wire 
ligature was tied loosely around each vessel. The eye was enucleated and the cornea 
taken for grafting. The anterior part of the eye was removed and a radial cut to the 
centre of the cornea was, made at 12 o’clock. Neoprene coloured red with carmine 
was injected into Schlemm’s canal. Both aqueous veins filled with Neoprene. The 
specimen was now digested in pepsin followed by trypsin. The aqueous vein situated 
at 8 o’clock was seen to arise directly from Schlemm’s canal by a hook-shaped origin 
as shown in the photographs, diagram, and model (Figs 10, 11, 12, and-13).. The 
aqueous vein situated at 7 o’clock did not communicate directly with Schlemm’s canal 
but connected with a communicating branch between the superficial and deep scleral 
plexus (Fig. 12). 

Case 3. Male aged 61 (patient of Mr. C. Dee Shapland), melanoma of the choroid. 
A striated aqueous vein was seen at 9 o’clock; a tantalum wire ligature was tied loosely 
around it. The eye was enucleated and the cornea taken for grafting. The anterior 
part of the eye was removed and a radial cut was made to the centre at 12 o’clock. 
Neoprene coloured red with carmine was injected into Schlemm’s canal. The aqueous 
vein filled with Neoprene. The specimen was then digested in pepsin and trypsin. 
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The aqueous vein did not communicate directly with Schlemm’s canal but it connected 
with a communicating branch between the superficial and deep scleral plexus. 


Case 4. Male aged 42 (patient of Mr. A. Lister), melanoma of the choroid. Striated 
aqueous veins were seen at 4, 6, and 7 o’clock; a tantalum wire ligature was placed 
around the vessel at 4 o’clock. The eye was enucleated and the cornea taken for 
grafting. Neoprene coloured red with carmine was injected into Schlemm’s canal. 
The ligatured vessel filled with Neoprene. The anterior part of the eye, including the 
iris and ciliary body, was then digested in pepsin and trypsin. Since the eye had been 
used for corneal grafting a considerable time elapsed before the specimen was received 
in the laboratory. The Neoprene cast was, therefore, not complete but the area of 
the aqueous vein was fortunately fully injected. This aqueous vein did not arise 
directly from the canal but connected with it by. way of communicating branches to 
the deep scleral plexus (Fig. 14). 








Fic. 14.—Case 4. Neoprene’cast showing aqueous vein (A) in the 
episcleral plexus. It does) not communicate directly with Schlemm’s 
canal but is connected with it by a communicating intrascleral branch 
(B) to the deep scleral plexus. Mounted in gelatin. x17 


DISCUSSION 
By this technique we have so far studied four cases in which six 
aqueous veins were ligatured, and our results were as follows : 


(1) Two of the aqueous veins were seen to arise directly from 
Schlemm’s canal by a hook-shaped type of origin (Cases | and 2). 
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(2) The other four aqueous veins did not arise directly from 
Schlemm’s canal but were connected to it by an anastomotic branch 
between the superficial and deep scleral plexus (Cases 1, 2, 3, and 4). 


(3) All the aqueous veins were of the striated or laminated 
variety. 

Our findings thus confirm Ascher’s belief that the occasional 
branches between the superficial and deep scleral plexuses are the 
anatomic substrata of at least a great many of the aqueous veins. 
Since all the aqueous veins were of the striated variety this conclusion 
is not in accord with Weinstein’s suggestion that such vessels are 
direct continuations of the ciliary plexus; it does not, however, 
disprove his theory of the importance of aqueous drainage from the 
uvea, for the casts clearly show that vessels from the ciliary plexus 
do in fact connect either directly with Schlemm’s canal or with the 
deep scleral plexus. Nor can it be said that our limited results 
dispose of the possibility that certain aqueous veins may not derive 
their aqueous from Schlemm’s canal. Nevertheless, the results 
indicate that all striated aqueous veins probably arise directly or 
_ indirectly from the canal. It is hoped that in the near future it will 

be possible to obtain a pure aqueous vein for study by this method 
and it is expected that a similar origin will be found. 


REFERENCES 


ASCHER, K. W. (1942). Amer. J. Ophthal., 25, 1174. 

Durr, G. L., and More, R. H. (1944). J. tech. Methods, 24, 1. 

DvorAK-THEOBALD, G. (1934). Trans. Amer. ophthal. Soc., 32, 574. 

FonTAna, F. (1781). ‘“* Traité sur le vinin de la vipére’. Florence. 

GOLDMANN, H. (1946). Ophthalmologica, Basel, 111, 146. 

HENDERSON, T. (1908). Trans. ophthal. Soc. U.K., 28, 167. 

(1950). Personal communication. . 

Hovius, J. (1716). ‘‘ Tractatus de circulari humorum motu in oculis ”’. Lugduni 
Batavorum (Louvain). 

Kiss, VON F. (1943). Ophthalmologica, Basel, 106, 225. 

Leper, T. (1873). Graefes: Arch. Ophthal., 19, pt. 2, p.91. 

Lies, E. (1940). J. tech. Methods, 20, 48. 

Maaaioreg, L. (1917). Ann. Ottalm., p. 317. 

ROCHON-DUVIGNEAUD (1892). Arch. Ophtal., Paris, 12, 732. 

ScHLEMM, F. S. (1830). Jn J. N. Rust, “‘ Theoretisch praktisches Handbuch der 
Chirurgie’, vol. 3, pp. 403-5. Berlin. 

SHonyo, E. S., and MANN, F. C. (1944). Arch. Path., 38, 287. 

SwInDLE, P. F. (1937). Arch. Ophthal., Chicago, 17, 420. 

Trantas, N. (1951). XVI Conc. ophthal. Acta, London 1950. 

Troncoso, M. U. (1909). Ann. Oculist., Paris, 142, 237. ; 

TrueTA, I., BARCLAY, A. E., DanteL, P. M., FRANKLIN, K,) J., and PRICHARD, 
M. M. L. (1947). ‘‘ Studies of the Renal Circulation”. Blackwell, Oxford. 

Wacpeyer, H. (1874). In A. gr and T. Saemisch ‘‘ Handbuch der gesammten 
Augenheilkunde ”’, vol. 1, 

Wenetere' F, (1950). British j asia ef Ophthalmology, 34, 161. 


(This study is to be continued in a future issue of this Journal.) 











Brit, J. Ophthal., 35, 304, 









EARLY SIGNS OF TRACHOMA OBSERVED 
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AFTER careful observation through Comberg’s slit lamp (improved 

by Dr. Naito of Japan), the writers have clinically discovered the 

first sign of trachoma on the bulbar conjunctiva in 400 

trachomatous eyes at different stages (according to MacCallan, 1936), 

twenty eyes with normal conjunctiva, and 58 eyes with epizootic 

conjunctivitis. This finding has not previously been reported, and 

these observations should therefore be valuable to those who. 
are called upon to diagnose the earliest stage of trachoma, 

from which the normal conjunctiva and every variety of epizodtic 

conjunctivitis are distinctly differentiated. 

The corneal microscope of the slit lamp is directed to the part of 
the bulbar conjunctiva under observation, the illumination being 
given to the neighbouring area. The specific reflection from the 
surface of the conjunctiva is easily caught by the indirect illumination. 
























Fic. 1.—Early trachoma, Fic, 2.—Late trachoma, —_ Fic. 3—Normal conjunc- 
rippled reflection. goose-skin reflection. tiva bulbi;, 





* Received for publication January 10, 1951. 
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RESULTS 


(1) The reflection on the bulbar conjunctiva is of three types: 

(a) An undulatory or rippled reflection accompanied by bubbly appearances, found 
in the initial stages of trachoma (Fig. 1). 

(b) A reflection of goose-skin appearance, found at the height of trachoma (Fig. 2). 

(c) A smooth, glossy reflection, always found on the normal conjunctiva (Fig. 3). 
This third type is also found in cases of epizootic conjunctivitis, which are free from 
trachomatous infection. 

















TABLE 
PERCENTAGES OF TRACHOMATOUS REFLECTIONS 
Rippled | Goose-skin Pannus 
Stage of Number of Reflection | Reflection Positive 
Trachoma Eyes | : 
No. | Per cent. | No. | Percent. | No. | Per cent. 
I 112 2 | 23-2 | 75 | 66:9 | 94! 93-9 
ll 82 3 36 | 78 95-1 70 | 85-3 
| } 
Il Nt. | 8 1S-1 | 91 81-2 | 106 | 94-6 
IV 3% 0~COi| «ot | 58-3 | «6 | 16-6 %| 29 | 80-5 

















(2) The Table shows the percentages of positive trachomatous 
reflections to be higher when inflammatory symptoms become 
more apparent. 

(3) The trachomatous reflection is never found in the normal 
conjunctiva bulbi or in cases of epizodtic conjunctivitis, appears 
more distinctly in the upper quadrant of the conjunctiva bulbi than 
the lower, ‘and is seen earlier and more frequently than pannus 
trachoma corneae, the actual percentage being higher than that for 
pannus in all phases except Stage IV. 

(4) The same reflection is seen in inoculated trachoma as in that 
produced by natural infection. 

When the conjunctiva bulbi was examined patho-histologically, 
hypertrophy, transformation, degeneration, proliferation, exfoliation, 
oedema, and disarrangement were found to a greater or less degree 
in the cells of the epithelial layer, and there was a certain degree of 
saturation in the sub-epithelial tissues, especially in the lymphocytes 
and plasma cells. These changes when slight give rise to the rippled 
appearances, and when more advanced to the goose-skin reflections. 

After considerable clinical experience, the writers believe the 
slit-lamp examination should always be made so that the presence 
of pannus and the trachomatous reflection may be observed in the 
initial stages of the disease. 
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A MODIFICATION OF GRAVES’ OPERATION FOR 
EPIPHORA DUE TO STENOSIS OF THE 
LACRIMAL PUNCTUM* 


J. B. TREVELYAN THOMAS 


Bournemouth 


SEVERAL years ago a description was published of a new technique 
in performing the three-snip operation to relieve epiphora due to 
stenosis of the lacrimal punctum (Graves, 1926). The method was 
to dilate the punctum, insert a small grooved director, place the back 
of a large Ziegler knife in the groove, and then, by pushing it inwards 
towards the nose, to incise the upper edge of the canaliculus to any 
required extent. The result was to produce a small triangular flap, 
with its apex below. The base was seized by forceps, and removed 
in two or three snips with small scissors. 

_As Mr. Basil Graves correctly pointed out in his article, this 
little operation did not destroy the capilliary action of the canaliculus, 
as did the older operation of slitting through the entire length of 
the canaliculus, with a canaliculus knife. 

I have recently adopted a modification of Graves’ method, 
Suggested to me by my colleague, Mr. David Hardie of Bourne- 
mouth: 

The instruments required are: 


(1) canaliculus dilator: 
(2) small pointed scissors; 


(3) small straight iris forceps. 


Anaesthesia is obtained with local infiltration in the region of the lower canaliculus, 


and cocaine drops. 
After dilating the punctum, one point of a fine scissors is inserted into the punctum 
with the cutting edge upwards, and with one or two snips, the upper limit of the flap 


is quickly made. The flap is then removed as in Graves’ operation. 
This operation is extremely simple, and one can enlist the help 


of the patient to pull the lid down, which gives him a personal 
interest in the operation, and relieves some of the nervous tension. 
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NON-PERFORATING CYCLODIATHERMY WITH 
CYCLODIALYSIS CIRCUMSCRIPTA 
IN GLAUCOMA* 


BY 
Vv. CAVKA 


Sarajevo, Yugoslavia 


PERFORATING cyclodiathermy in the surgical treatment of glaucoma 
was first described by Vogt (1936); this was soon followed by the use 


of non-perforating cyclodiathermy, which had been first applied by 
Weve (1933) in a case of hydrophthalmos. Rankin (1942) applied 


non-perforating cyclodiathermy in cases of absolute glaucoma, 
between the four rectus muscles and just afterwards Albaugh and 


Dunphy (1942) performed non-perforating cyclodiathermy in 
some special cases of glaucoma (Spaeth, 1948). My first observations 
(Cavka, 1944) were published after I had carried out non-perforating 


cyclodiathermy combined with iridodialysis in five cases of absolute 
glaucoma and four of chronic glaucoma. The results were 


satisfactory. inasmuch as the intra-ocular pressure became normal 


in every case. Post-operative complications included two cases of 


hyphaema in the anterior chamber, which resorbed totally within a 


few days, and one case of diathermal retinitis in the-area of the 


ora serrata, which was still visible 6 months later. 

Weekers and Weekers (1945) describe a method of non-perforating 
cyclodiathermy, which they carried out at cight points in the area of 
pars plana of the céiary body, 7 mm. from the limbus. In this way 


they operated on twenty cases of essential glaucoma, and 22 of 


secondary glaucoma. They succeeded in bringing the intra-ocular 


pressure to normal in 24 of their 42 cases, some of which were under 


observation 2 years after the operation. Weekers, Weekers, and 


Heintz (1949) state that intra-ocular pressure became normal in 38 
(68 per cent.) of 56 glaucomatous eyes operated upon by this method. 

Further, Dominguez (1948) applied non-perforating cyclo- 
diathermy nasally in fourteen cases of glaucoma and observed a 


reduction of the intra-ocular pressure in 50 per cent. In another 


25 cases of different forms of glaucoma, he combined non-perforating 
cyclodiathermy with cyclodialysis. By this method he achieved 


satisfactory results in six cases of chronic glaucoma, six cases of 


absolute glaucoma, and two cases of acute glaucoma, but no 
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reduction of the intra-ocular pressure was gained in three cases of 
infantile glaucoma. Desvignes and Naudin (1948) observed a 
reduction of the intra-ocular pressure after applying non-perforating 
cyclodiathermy in two cases each of infantile, haemorrhagic, and 
secondary glaucoma; but no reduction occurred in three cases of 
absolute glaucoma. Griiter (1949) performed a non-perforating 
cyclodiathermy in the temporal part of the ciliary body in seventeen 
cases of primary glaucoma and in fifteen of them he found a 
reduction of the intra-ocular pressure four months later. Marr 
(1949) performed non-perforating cyclodiathermy on 57 different 
forms of glaucoma but concluded that this method is seldom effective 
in cases of chronic glaucoma. 


In the course of my more recent applications of non-perforating 
cyclodiathermy, certain modifications of my first method were 
evolved, the chief difference being that iridodialysis was replaced by 
cyclodialysis circumscripta. 


TECHNIQUE 


After the usual anaesthesia an incision is made in the bulbar conjunctiva, from 
3 to 9 o’clock, 5 mm. from the limbus (Fig. 1). The conjunctiva has to be separated 
throughout this region, and four sutures are pulled through the margin of the incision. 
Then a muscle hook is placed beneath the superior rectus to facilitate the fixation of 
the eyeball during the performance of cyclodiathermy. This is applied in three 
horizontal and four vertical lines from 2.5 to 8 mm.. from the corneal limbus (Fig. 2). 
50 milliamps are used, each application lasting one second and being made with a 
ball electrode 1.5 mm. in diameter. After the non-perforating cyclodiathermy comes 
the surgical cyclodialysis circumscripta; a linear incision is made in the sclera 2 mm. 
from the corneal limbus at 12 o’clock, 






Fic. 1.—Incision into conjunctiva from 3 Fic, 2.—Diagram of diathermic rays. 
to 9 o’clock with sutures pulled through. 
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and the cyclodialysis circumscripta is 
done through this scleral opening (Fig. 3) 
from 11.30 to 2.30 o’clock. In particular 
cases with very greatly increased intra- 
ocular pressure, instead of this linear 
incision the sclera is trephined, as in 
Elliot’s operation, and the cyclodialysis 
circumscripta is done through the 
trephine. Post-operatively we use drops 
about 5 per cent. Targesin and 1 per 
cent. ung. atrop. 


Altogether 43 patients were operated 
upon, thirty cases of primary and 
thirteen of secondary glaucoma. In ten 
cases the operation was performed on 
both eyes, so that altogether 53. eyes 
were operated upon. To compare the 
effect of our technique with other 
anti-glaucomatous operations (e.g., 
Elliot’s trephine of the sclera, and 
iridencleisis), we sometimes used our 
method on one eye and one of the other 
methods on the second eye. The results 
obtained from the use of two different : 
methods in these cases will be reported Fic. 3.—Method of performing 
Z tay cyclodialysis circumscripta. 
in a subsequent communication. 





RESULTS 


The success of our method in reducing the intra-ocular pressure to 
normal in particular forms of glaucoma is apparent from Table I, 
which shows that, out of 53 eyes, 41 (76 per cent.) were made normal. 
Even in the remaining twelve eyes, a reduction in pressure was 














TABLE I 
EFFECTS ON INTRA-OCULAR PRESSURE 
| - Post-operative 
Intra-ocular Pressure 
Type of Glaucoma Operated 
Eyes | Normal Not Normal 
Chronic congestion ats ok 5 | 4 1 
Simple REE RGR CAS Soca 16 | 11 5 
Congenital hydrophthalmos ae 4 | 4 — 
Secondary ... ee iM eae 10 10 _— 
Absolute... big Bu aie 18 12 6 
Total... 53 | 41 12 
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observed in every case; in most of these the diminution was as 
much as 20, 30, or 40 mm. It must be emphasized that this method 
was effective not only in simple and chronic glaucoma but also in 
absolute and in secondary glaucoma. Moreover, in three cases of 
absolute glaucoma; even where the intra-ocular pressure was not 
reduced to normal, a considerable reduction was achieved. 


Post-OPERATIVE COMPLICATIONS.—In these observations we included 
all possible changes in the eyes after the operation. Thus the 
beginning of bleeding in the anterior chamber was noticed as well 
as the appearance of iritis. 

Hyphaema.—This was observed in the anterior chamber, 2 to 3 mm. 
vertical diameter, on the first day after the operation in six cases. 
It sometimes occurs after the cyclodialysis of Heine (1936), but in 
these instances had no particular consequences for the operated eye, 
as in every case it was totally resorbed after a few days with the 
usual therapy. 

Iritis.—A, mild iritis, probably caused by the diathermy, occurred 
in four cases. In these, the post-operative treatment had to be 
prolonged for nearly 10 days, but in not one of them was there any 
formation of a posterior synechia, nor was there any reduction of 
visual acuity in the operated eye. 


EFFECTS ON VISUAL ACUITY AND FIELD OF VISION.—In several cases 
observed over a period of 9 months after the operation the visual 
acuity was not improved to the same degree as the intra-ocular 
pressure. The cases of congenital, chronic, and simple glaucoma 
which showed improvement are set out in Table II. 


‘ TABLE Il 
EFFECTS ON VISUAL ACUITY 











Visual Acuity 
Type of Glaucoma . 
Before Operation | After Operation 
Chronic congestive eon aR: bead 6/10 6/6 
Chronic congestive... Ee Lhe” 6/36 6/24 
Simple... is eS ie bie] 4/60 6/60 
Simple... sz OE ae eae} 6/36 6/24 
Simple... at sa na ie 6/36 6/18 
Simple... a ee oe and 6/60 6/36 





This improvement was not very considerable because in most of 
these cases visual acuity had been much reduced before operation by 
pathological changes in the optic nerve due to the increased intra- 
ocular pressure. 
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Of four cases of almost absolute glaucoma, vision improved in 
two from perception of light at 5 m. to 1/60, and in the other 
two from perception of light at 2 m. to 0.3/60. 


Of thirteen cases of secondary glaucoma, there was no improvement 
of vision in twelve, but all these also had corneal opacities which 
prevented the assessment of any possible recovery of vision. 


A fairly satisfactory recovery of vision was noted in the one case 
of hydrophthalmos; visual acuity improved from 4/60 before to 
6/36 after the operation, and the field of vision was enlarged by 
15 to 20°. 


DISCUSSION 


Our operative technique combines non-perforating cyclodiathermy 
and cyclodialysis circumscripta. Dominguez (1948) applied non- 
perforating cyclodiathermy with the cyclodialysis of Heine (1936), 
but our method of cyclodialysis is different. A combination of 
non-perforating cyclodiathermy with iridodialysis (Cavka, 1944), 
evolved from our experience with rabbits’ eyes, gave better results 
in reducing the intra-ocular pressure than the application of non- 
perforating cyclodiathermy alone. Our technique in cyclodialysis 
circumscripta differs from the classical operation of Heine in that 
the scleral incision is made into the projection of the anterior part 
of the ciliary body, i.e., into the muscular portion of the ciliary body 
and not into the pars plana. This method is easier in as much as 
there is no danger of perforating the ciliary body during the incision 
or trephining of the sclera. It is necessary to peel off nearly twice 
as much of the surface of the ciliary body as in Heine’s operation, 
but it seems to act more quickly in reducing the intra-ocular pressure. 


Besides its favourable results in cases with primary and secondary 
glaucoma in reducing increased intra-ocular pressure to normal, there 
were few, if any, post-operative complications. Those complica- 
tions which did occur were slight and: quickly eliminated with the 
usual therapy. In view of the satisfactory results obtained, this 
method can be applied in cases of primary and secondary glaucoma, 
as well as of absolute glaucoma. 


SUMMARY 


Non-perforating cyclodiathermy with cyclodialysis circumscripta 
was performed in thirty cases of primary and thirteen cases of 
secondary glaucoma. In ten cases the operation was performed 
bilaterally. The intra-ocular pressure was reduced to normal in 
41 eyes (76 per cent.), and in the remaining twelve it was reduced 
but without becoming normal. 
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In six cases slight hyphaema appeared in the anterior chamber, 
and in four cases a mild iritis was seen post-operatively, but all 
these complications were completely cured. 
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BOOK REVIEW 


Eyes in Industry. By D. A. CAMPBELL, W. J. B. RippELL, and A. S. MACNALTY 
1951. Longmans, London. Pp. 234 + xv, 11 figs, 24 plates. (30s.). 


This book is intended for laymen and those looking after the welfare of the 
industrial worker. 

The eyes of man were evolved to function in daylight which, in England with an 
overcast sky, varies in intensity between 100 and 200 lumens per sq. ft. Very rarely does 
artificial lighting attain the lower of these values, the discrepancy being greatest in 
coal-mining. Though the optimum lighting may be difficult to attain in certain cases, 
the poor conditions in some industries are mainly due to an ignorance which it is the 
aim of this book to remove. Poor light means fatigue, increased accident rates and 
absenteeism, and reduced efficiency. Recruits to an industryeshould have a thorough 
test by an eye-doctor for visual acuity, convergence, stereopsis, and colour vision, and 
should be ‘‘ placed” accordingly. More attention should be paid to the prevention 
of accidents. Most of the statistical evidence regarding accidents comes from the 
U.S.A. where it is found that 60 per cent. occur in the manufacture of metal products. 
Flying metallic particles, set in motion by chisels, pneumatic drills, etc., cause more 
than 50 per cent. of all eye accidents. In coal-mining, ocular damage occurs in about 
4.7 per 1,000 workers. In granite cutting also the rate is exceptionally high. Eye 
accidents in the U.S.A. cost about $210,000,000 annually in compensation, loss of 
wages, and relief. 


The subject is approached by a simple description of the eye and its working. There 
is a good chapter on visual requirements in the armed forces and in industry, and the 
table listing the illumination required in a very large number of activities should prove 
invaluable. An enlightening account of the position of blind and partially-sighted 
persons in industry is worthy of praise; it may surprise some to learn that in some 
instances blind persons are more skilled and reliable than sighted employees, and that 
a one-eyed person suffers practically no disability provided the eye was lost soon after 
birth. Seven hundred blind persons were placed in industry in the United Kingdom 
in 1942. 

The errors of refraction are explained and the various industrial eye injuries and 
diseases are discussed, together with measures for their prevention and cure. In 
first-aid, an anaesthetic drop is advocated, but not all will agree that the works’ nurse 
“‘ should estimate the degree of injury and disability” by staining the cornea with 
fluorescein (especially in Spinners’ keratitis where she is expected to detect “ fine 
pin-point staining ”’), or that the first-aid man should use a spud to remove a foreign 
body embedded in the cornea. | 

Protection consists in the proper use of visors, goggles, veils, guards, and screens, 
though it is not easy to persuade all workers to avail themselves of these measures. 
Proper ventilation is essential in some industries. Fluorescent lighting is put forward 
as the best illuminant, with the hopeful statement that its very numerous defects have 
been overcome. - 
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The writing of a book of this nature presents several difficulties. A nice balance 
has to be kept between, on the one hand, a simplicity which enables laymen to understand 
a complex technical and professional subject, and on the other, an over-simplification 
which minimizes the difficulties and dangers. In this case the balance has been well 
maintained. Another difficulty which presents itself when several authors write on the 
same subject, is the almost inevitable overlapping. This book will prove very helpful 
as an introduction to a subject which has been described as a specialty within a specialty; 
it may be read with profit both by the ophthalmologist and by the works manager. 





OPHTHALMOLOGICAL SOCIETY OF THE 
UNITED KINGDOM 


The annual congress was held in th@ Barnes Hall of the Royal Society 
of Medicine from March 29 to 31 under the presidency of 
Mr. Maurice H. Whiting. During his address of welcome to members 
and guests, the President particularly mentioned four friends from abroad, 
Professor J. Francois (Ghent), Dr. John D. Blum (Geneva), Dr. Noélle 
Chomé (Lausanne), and Dr. P. Mendoza (Philippine Islands). 


PRESIDENTIAL ADDRESS 


If members were to be offered the chance to decide in advance what 
kind of a presidential address they would prefer, a large number of 
practising ophthalmologists would undoubtedly reply: “* Let the President 
tell us about some subject which concerns the average clinician, and let 
that subject be something directly experienced by the President over a 
long period”. Mr. Whiting fully satisfied this conjectural precept; 
his subject. “ The Surgical Treatment of Rodent Ulcers near the Eye” 
has interested him for many years, and he was able to range over a long 
series of cases observed in person and carefully documented. 


He put forward a plea for surgical rather than radiational treatment in 
a majority of rodent ulcers near the eye. Admittedly there are certain 
infiltrating types which demand irradiation, but excision is the method of 
choice in most cases. One serious objection to ray-therapy is that damage 
may thereby be inflicted upon the eye and its lacrimal apparatus.. So far 
as the cosmetic end-result is concerned there is little to choose between the 
two methods, but provided that the cases are judiciously selected, surgery 
is a more reliable means of eradicating these insidious neoplasms. 


BOWMAN LECTURE 


Twenty years ago a beautiful demonstration of Sir Henry Dale’s work 
was arranged at Mount Vernon for the benefit of the O.S.U.K. Already 
his reputation was world-wide, and since then he has broken new ground 
and won fresh honours. On this occasion, Sir Henry, as Bowman 
lecturer, paid tribute to the outstanding achievements of Bowman. 


In his lecture on “‘ The Eye as a Physiological Reagent’, Sir Henry 
emphasized that pharmacological facts gleaned from a field so limited in 
size as the eye and its adnexa were nevertheless applicable to the whole 
body. Alterations in the pupillary diameter, changes in the tone of 
orbital muscle, and retraction of the nictitating membrane were accessible 
to direct scrutiny, and all these-_phenomena, together with their modifica- 
tions under the influence of drugs, could be recorded by means of 
experimental devices, such as rotating drums. Many mysteries still 
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remained to be unravelled concerning the pharmacological action of 
substances upon the eye, but progress was constantly being made, and a 
number of apparent discrepancies had been resolved by the discovery that 
myoneural junctions are not real structures distinct from ‘nerve-endings. 
The myoneural junction was merely a hypothetical concept of earlier 
physiologists, who had not yet discovered the significance of acetyl- 
choline. 
@ 


OTHER CONTRIBUTIONS 


Dr. John P. Blum (Geneva) gave an interesting account of observations 
made by Professor A. Franceschetti, Dr. F. Bamatter, and himself upon 
the ocular symptoms and signs in Still’s disease; this formed a valuable 
prelude to the main discussion on “The Association of Ocular and 
Articular Disease”. Mr. L. H. Savin and Mr. A. B. Nutt gave a 
preliminary survey, and were followed by Professor G. W. Pickering, 
Dr. F. Dudley Hart, and Professor E. J. Wayne. Encouraging results 
from the use of cortisone and ACTH were mentioned, but each speaker 
insisted upon the limitations, dangers, and uncertainties of these new 
preparations, and the need for careful selection of cases. 

Professor J. Frangois described a case of scleromalacia perforans 


associated with arthritis deformans and pemphigus. Dr. Macdonald 
Critchley gave a paper on “Types of Visual Perseveration’’. On the 


afternoon set aside for pictorial case demonstrations followed by discussion 
under the chairmanship of Mr. A. B. Nutt (Vice-President of the Society), 


the President described uniocular retrobulbar neuritis arising as a com- 
plication of measles in a six-year-old girl. One evening was devoted toa 


series of -surgical films. Professor Francois showed his cataract 
operations, and other films were provided by Mr. F. A. Williamson-Noble, 
Mr. H. B. Stallard, Mr. B. W. Rycroft, Mr. P. Jameson Evans, and jointly 
by Miss Jean Dollar and Miss Mary Savory. 

An exhibition of instruments and books was on view at the Cowdray 
Hall throughout the congress. 








— 
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COMMUNICATIONS 


KERATO-CONJUNCTIVITIS SICCAt* 


BY 
A. STANWORTH 


Department of Ophthalmology, University of Manchester 


KERATO-CONJUNCTIVITIS sicca has been fairly prominent in the 
ophthalmic literature since Sjégren’s classical series of papers 
(1933-1940), and has been reviewed recently by Henderson (1950). 
A further fifty cases are reviewed below. 


GENERAL CONSIDERATIONS 


The presumptive diagnosis was made on clinical grounds in the 
majority of cases, the signs and symptoms being those usually 
described—redness and discomfort, tenacious mucous discharge, and 
corneal erosions and filaments. Confirmation was obtained by the 
measurement of the lacrimal secretion by the filter-paper test 
(Schirmer, 1903) and in doubtful cases by staining with rose bengal. 
The relative value of these two tests is still in doubt, since neither gives 
a certain indication of the clinical severity of the condition. In 
addition, the normal values obtained by the filter-paper test are not 
known with sufficient accuracy. 

The usual criterion, using a piece of filter paper 5 mm. broad, with 
5 mm. tucked over the lower lid, is that in five minutes a normal eye 
will produce enough moisture to wet the paper for a distance of 
more than 20 mm. _ Less than 15 mm. is suspicious of a dry eye, and 
less than 10 mm. may be diagnostic. This method is not yet fully 
standardized; some, following Schirmer himself, place the filter paper 
at the outer canthus, some at the inner. The former is preferable, as 
there is less likelihood of a lake of lacrimal fluid at the outer than 
at the inner canthus, a condition which will give an initial rapid 
wetting of the paper and possibly a false reading, particularly if the 
lacrimal passages are for some reason occluded. Some observers 





+ Based on a paper read before the North of England Ophthalmological Society, October 27, 1950. 
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also believe that a period shorter than five minutes is adequate; this 
is certainly the case in many patients, but one may misinterpret the 
doubtful case if the full period is not used. Quite commonly in a 
normal person, and especially in those with superficial ocular 
conditions not due to kerato-conjunctivitis sicca, the filter paper, 
even after five minutes, will show a progressive increase in the 
amount of wetting. In cases of kerato-conjunctivitis sicca, however, 
a steady state is reached within five minutes whereby the rate of 
addition of moisture from the conjunctival end is balanced by an 
equal. rate of evaporation from the surface of the paper, and no 
further extension of the wet area is seen. It is therefore difficult to 
give an average figure for the normal. Particularly is this so if the 
so-called normal series includes many with some superficial irritation 
from an atmosphere which is none too clean, as is commonly the case 
in cities. A further point is that when the atmosphere is warm and 
dry the evaporation from the surface of the paper will be more rapid 
than under cool moist conditions. There is, indeed, a tendency for 
the wetting of the paper to be greater in winter than in summer in the 
milder cases of dry eye, but not in the severe ones (average of eight 
mild cases June to August, 8 mm. Schirmer; average of the same 
cases November to February, 10 mm.). To some extent this may be 
due to variations in the rate of evaporation, but is more probably due 
to a tendency for the eyes to be more irritable in winter than summer, 
the mild cases of dry eye responding with a further secretion of tears. 
In spite of this, the patient’s symptoms are usually worse, the slightly 
increased supply failing to keep pace with the much increased 
demand. Possibly also there is some deficiency in the quality of the 
tears themselves; Ridley (1948), for example, found a deficiency in 
protein. This may explain those patients with typical kerato- 
conjunctivitis sicca who have an apparently normal volume of 
secretion. Conversely, others with a low secretion without obvious 
symptoms or gross conjunctival and corneal changes have presumably 
a diminished volume but a relatively higher concentration of some 
essential protective factor. 


In spite of these difficulties in assessing the normal value for the 
filter-paper test, we can accept the figures quoted above as a good 
working guide, at any rate for conditions in Manchester, though they 
are higher than those found by Henderson and Prough (1950). But 
in assessing whether any particular patient has a mild or severe kerato- 
conjunctivitis sicca, clinical signs and symptoms have been used 
entirely, mild cases being those with only minimal discomfort and 
little or no corneal involvement, severe cases having marked dis- 
comfort, obvious corneal changes and usually a strongly positive 
rose bengal test. On this basis, 26 of the patients were classified 
as severe and 24 as mild. 
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RELATIONSHIP TO ARTHRITIS 


Of the changes in other parts of the body often found in association 
with kerato-conjunctivitis sicca, arthritis h@s received considerable 
attention. Most workers consider arthritis to be part of the 
syndrome, though Henderson (1950) considers it to be an incidental 
finding only. To a certain degree his view is borne out by the fact 
that in the 26 severe cases in the present series, only six (23 per cent.) 
have rheumatoid arthritis, two (8 per cent.) osteo-arthritis, one 
Reiter’s syndrome, and one palindromic arthritis. The mild cases 
of dry eye cannot be analysed in this way, as six of them were found 
on routine examination of arthritics. Nevertheless, the proportion 
of arthritics amongst patients with kerato-conjunctivitis sicca is 
significantly high; and conversely Stenstam (1947) found that one in 
ten of chronic arthritics has well marked kerato-conjunctivitis 
sicca, compared with one in 620 in an unselected group of 
ophthalmic patients (de Roetth, 1945). Henderson rather mis- 
interprets Stenstam when he says that the latter considered it 
unlikely that arthritis was part of the ocular condition, for Stenstam 
looks on the kerato-conjunctivitis as a symptom of arthritis, saying: 

the chronic arthritis type with a protracted morbid history and pronounced tendency 

towards shrivelling and destruction of the joints is the most definite kerato- 

conjunctivitis sicca complication. : 
Sjégren (1948), in spite of Henderson’s contrary view, still believes 
that both the arthritis and the kerato-conjunctivitis sicca syndrome 
are expressions of a chronic general infection. 

Stenstam (1947) also made the remarkable observation that kerato- 
conjunctivitis sicca was as: common an accompaniment of arthritis 
in men as in women; my series of male arthritics, numbering only 28, 
is too small to make comment on this point justifiable, but in the 
total of six male patients with dry eyes, the disease was of the mild 
type in five and severe in only one. This suggests that there must 
be some secondary, presumably endocrine, factor, which is operative 
mainly in women. 


RELATIONSHIP TO Dry MOUTH 


The second and commonest accompaniment of dry eyes is a dry 
mouth. This was present in ten of the 26 severe cases, and conversely 
about half of all patients with xerostoma are said to have dry eyes 
(Faber, 1944). According to Rose (1950a) the main trouble in the 
mouth is not so much the dryness, to which the patient becomes 
accustomed, as the recurrent attacks of infection, particularly of the 
parotid gland, which becomes intermittently painful, enlarged, and 
tender. The involvement of the parotid is due to differences in its 
function from those of the other salivary glands, and under conditions 
of emotional stress causing dryness of the mouth even in normal 
people, the tongue “‘cleaves” to the roof of the mouth, not to the 
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floor. The infection is commonly by the streptococcus viridans and 
is associated with an ectatic condition of the terminal.ducts and acini 
as shown by sialography using a radio-opaque substance 
(Neo-Hydriol fluid). (Fig. 1). 
‘Though the _ histological 
changes in the parotid and 
lacrimal glands are com- 
parable (Sjégren, 1940), the 
clinical picture in the mouth 
differs from that usually seen 
in the eye for one rarely 
finds swollen, tender lacrimal 
glands in patients with dry 
eyes. 
Case 1. Woman aged 48 attended Dr. 
W. Stirling’s out-patient department 
in August, 1946, with a painful swell- 
ing of the right lacrimal gland, X-ray 
examination and Wassermann re- 
action were negative. The swelling was removed surgically in September, 1946, and in 
June, 1947, she developed kerato-conjunctivitis sicca. In February, 1948, Schirmer’s 
test was right 6 mm., and left 30 mm. The rose-bengal test was strongly positive in 
the right eye. In February, 1949, she had some tenderness and pain over the left 
lacrimal gland which settled down in ten days. In October, 1949, Schirmer’s test was 
right 5 mm., left 25 mm.; and 12 months later right 3 mm., left 20 mm. Subsequent 
obliteration of the lacrimal canaliculi of the right eye by diathermy made her a little more 
comfortable for a short time, but had no influence on the result of the filter-paper test. 


Fic. 1.—Line tracing of radiograph taken after 
sialography showing retention of radio-opaque 
substances in dilated terminal ducts and acini. 


‘Fic. 2.—Case 1. Histological appearance of lacrimal gland. 
Haematoxylin and eosin. x 30. 
Pathological Report (Dr. J. L. S. Smith) of section of the right lacrimal gland. 


The individual gland elements are widely separated by excess overgrowth of the 
stroma. Normal-looking acini are relatively scarce and the terminal units of the gland 
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Fic. 3.—Case 1. Histological Sanilac Fic. 4.—Case 2. Histological appearance 
of lacrimal gland showing more advanced of lacrimal gland. Haematoxylin and 
changes. Haematoxylin and eosin. x 30. eosin. x 60. 


have mostly a ductule character with numerous eosinophilic plugs. In places they 
have largely disappeared or are unrecognizable. The stroma is richly lymphoid but 
there is considerable proliferation of the fixed tissue cells, especially around the vessels, 
where the round cells are often few and the deposition of fibrous tissue, frequently of 
hyaline nature, is widespread. Areas of lymphoid tissue have suffered fibrous replace- 
ment. Many of the vessels are occluded and many of the medium-sized vessels show 
a marked cellular endarteritis. 

Nearly all the gland tissue is involved and a certain patchiness is evident as the 
processes have progressed further in some areas than in others. In large portions of 
the gland the changes are of a severe nature, suggesting that there may be considerable 
interference with lacrimal function (Figs 2 and 3). 


Case 2. Man aged 61, had a swelling of the supero-lateral angle of the right orbit, 
The swelling was excised in September, 1950. There was no clinical evidence of 
kerato-conjunctivitis sicca, though the result of a filter-paper test is not known, and the 
patient was not seen by the author. 


Pathological Report (Dr. J. L. S. Smith). 
Sections show a portion of the lacrimal gland in which is seen a widespread separa- 
- tion of the individual glandular elements, together with some atrophy. Complete and 

partial casts formed from cellular debris lie in the ductules and acini. The connective 
tissue has proliferated considerably to produce an abundant stroma with new collagen 
and richly lymphoid areas. 

This specimen comprises only a small portion of the gland and includes one lobule 
in which the changes are much less marked, and in which many normal acini can be 
seen. This suggests that the gland may still be functioning adequately. (Fig. 4). 
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These histological changes, consisting largely of glandular 
degeneration with lymphoid infiltration and proliferation of con- 
nective tissue, are very similar to. those described by Sjégren (1940) 
in cases of kerato-conjunctivitis sicca. Unfortunately, the nature of 
the pathological changes in the lacrimal glands in kerato-conjunc- 
tivitis sicca is a subject of dispute (Holm, 1949), and it is not, there- 
fore, possible to be certain that these patients had an unusual type 
of the disease. Nevertheless, this possibility is supported by the 
following considerations : 

(1) In Case 1, the left eye in which the lacrimal gland is still present, has shown a 
steady decrease in the amount of lacrimal secretion over a period of two years, though 
it is still within the normal range. ‘ 

(2) The physiological changes in the lacrimal gland are always far in advance of 
the clinical changes in the conjunctiva or cornea (Sjégren, 1940). 

(3) Removal of the lacrimal gland does not always result in kerato-conjunctivitis 
sicca (Duke-Elder, 1939), presumably because the accessory lacrimal glands are able 
to produce sufficient moisture. It is possible, then, that the development of kerato- 
conjunctivitis sicca after extirpation of the lacrimal gland, as in Case 1, indicates that 
the accessory glands are also involved in the disease process. This could equally be 


- the case in those patients whose dry eyes follow functional “‘ removal ” of the lacrimal 


gland by such things as a fractured skull (Coverdale, 1948), since it may well be that 
the accessory glands have the same innervation and consequently suffer the same 
changes as the main lacrimal gland. : 


If this possibility is accepted, then those obscure cases of Mikulicz’ 
syndrome of enlarged parotid and lacrimal glands in which there is 
no suggestion of lymphatic leukaemia or sarcoidosis, may fall into 
the same group as kerato-conjunctivitis sicca. A similar suggestion 
has been made recently by Ellmann and Weber (1949) and Holm 
(1949). 

That one may in fact get sufficient increase in the size of a lacrimal 
gland to produce obstruction of the venous and lymphatic return of 
the lid, without the lacrimal gland being palpable, is suggested by 
the following case. 


Case 3. Woman aged 62 attended Mr. O. M. Duthie’s out-patient department in 
October, 1948, with a history of partial ptosis of the right upper lid for six months 
which was worse on waking in the morning and towards the end of the day. The 
extra-ocular muscles were normal and the action of the levator palpebrae superioris 
was present. She had no other neurological signs or symptoms. The skin of the 
right lid looked very redundant, but there weré no other obvious local changes. X-ray 
examination of the skull and Wassermann reaction were negative. Prostigmine had 
no effect on the ptosis, which, with no further treatment, practically disappeared within 
four months. In October, 1950, she attended again with six months’ history of swelling 
of the lacrimal, parotid, submaxillary, and cervical glands. The lacrimal secretion 
was normal by Schirmer’s test. She was referred to Professor Boyd, and a diagnosis 
of sarcoidosis was established by biopsy. 


Presumably the ptosis in this case resulted from the first slight 
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swelling of the gland, but cleared up as the vascular conditions 
adapted themselves to the new situation. That a similar picture may~ 
be seen in patients with kerato-conjunctivitis sicca is suggested by the 
two following cases. 


Case 4. Woman aged 53 attended Dr. F. Janus’s out-patient department in January, 
1948, with a well-marked bilateral kerato-conjunctivitis sicca, Schirmer’s test was 
right 5 mm. and left-5 mm. the rose-bengal test was slightly positive in both eyes. 
Her mouth and tongue were sometimes sore, but not noticeably dry. She had osteo- 
arthritis, complete achlorhydria, an atrophic skin, purpura, and a normal blood count, 
including platelet count. She also complained of ptosis (Fig. 5) which was much 
worse in the mornings; the whole face was heavy-looking, but there was no evidence of 
thyroid deficiency, the basal metabolic rate being within normal limits. The ptosis was 
not influenced by prostigmine. The achiorhydria was treated with hydrochloric acid 
with meals, and in view of a somewhat sub-normal dark-adaptation curve, Tab. 
vitamin A 24,000 units thrice daily was given. This had no effect on the signs and 
symptoms or on the dark-adaptation curve. The lacrimal canaliculi of the right eye 
were occluded by diathermy in August, 1949. She had a temporary remission of her 
ocular irritation for a few weeks, but subsequently relapsed to her former condition, 
though the puncta still remained occluded. 


Fic. 5.—Case 4. General appearance Fic. 6.—Case 5. General appearance 
of face showing slight bilateral ptosis. of face showing bilateral ptosis, more 
marked in the right eye. 


Case 5. Woman aged 63 had been attending the out-patient department since 1942 
with irritable eyes. I first saw her in March, 1948, when both eyes showed a typical 
stain with rose bengal; Schirmer’s test was right 12 mm. and left 14mm. _ She had 
also a dry mouth with slight swelling of the parotids. She complained of drooping of 
the lids especially in the mornings (Fig. 6). The ptosis did not respond to prostigmine. 
She remained reasonably ‘comfortable on treatment with gutt. gelatine in Locke’s 
solution. 


In these cases the increased weight of the lids producing ptosis may 
have been caused not only by oedema due to obstruction, but also by 
swelling of the accessory lacrimal glands which would also be 
implicated in this disease. It may be of some significance that all 
three patients with ptosis stated definitely that it was worse on waking 
in the morning, the lack for a few hours of the pumping action of the 
lid movements on the vascular circulation having presumably led 
to greater congestion. 
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CONJUNCTIVAL CHANGES 


A further pathological change of great interest is the sub-epithelial 
oedema of the conjunctiva (Sjogren, 1940). One may ask why it 
occurs in kerato-conjunctivitis sicca, but not in other forms of drying. 
Possibly it is in the nature of an axon reflex with liberation of 
histamine-like substances as a result of the greater liability to trauma. 
It may then occur in kerato-conjunctivitis sicca and not in other 
‘ forms of exposure, because the former is not merely a local disease of 
the lacrimal glands but a general disease of the conjunctiva, which 
involves the vessels in such a way as to alter their reactions to such 
reflexes. This theory is supported by the remarkable effect of 
bilateral section of the vertebral nerves and bilateral resection of a 
portion of the suprastellate segment of the cervical chain performed 
in a case reported by Leriche (1947) for its effect on the circulatory 
system of the face. Within six months the mouth was moist again and 
the patient could shed tears. This is obviously a line of treatment that 
needs following up, though cases of kerato-conjunctivitis sicca do 
show a fairly marked tendency to spontaneous remissions. that makes 
assessment of therapy somewhat difficult, and Leriche’s patient had 
also a somewhat atypical facial condition of doubtful aetiology. In 
addition, Rose (1950b) has found no effect on the salivary secretion in 
some of his patients on whom an injection has been carried out to 
paralyse the stellate ganglion. 

The abnormality in the vessels could also be due to a primary 
change in their nerve supply, as is suggested by Holm (1949). 1 find 
his arguments unconvincing, however, for of the two patients he 
cites as examples of kerato-conjunctivitis sicca symptoms with a 
neurological pathogenesis, one may not have been a case of kerato- 
conjunctivitis sicca at all (since mere corneal staining by rose bengal 
cannot be considered to be diagnostic), and the other patient had a 
long-standing facial paralysis and inability to close the eye, a condition 
which could conceivably lead to blocking of the ducts or destruction 
of the secretory glands by chronic inflammation. In addition, it is 
not surprising that patients with a deficient lacrimal secretion under 
ordinary conditions can nevertheless shed tears when they receive 
some more unusual and powerful stimulus; there is no criterion 
by which we can judge whether or not the ‘amouni of fluid 
produced when a patient sheds tears is or is not normal. 


TREATMENT 


The treatment of the condition may be directed. towards the 
supposed causes, or may be merely symptomatic. 


Whatever the common factor between the arthritis and mild 
dryness of the eyes may be, no adequate treatment of it can be 
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envisaged, unless cortisone proves useful. In any case, the secondary 
possibly endocrine, factor, which is responsible for the more severe 
manifestations, is probably of more clinical importance. Though . 
many observers have reported considerable improvement with 
various forms of endocrine treatment with both male and female 
hormones, my own feeling is that any action of these compounds 
may well have resulted indirectly from an improvement in the 
patient’s general condition. 

Vitamin A has also been used, possibly because it is known that 
xerosis produces drying, and possibly because the later stages of 
kerato-conjunctivitis sicca show histological conjunctival changes 
somewhat similar to those in xerosis. The major conjunctival 
change in kerato-conjunctivitis sicca, however, is the sub-epithelial 
oedema, which is not present in other forms of drying. Certainly 
I have found no improvement in the clinical course or in the dark- 
adaptation curves of four patients to whom I have given vitamin A. 

A further method of treatment is the attempt to stimulate the 
secretory fibres of the lachrymal gland. I have had no results from 
pilocarpine given parenterally, or from prostigmine (which failed to 
affect either the dryness or the ptosis in Cases 4 and 5). 
Local pilocarpine and eserine certainly have no effect which out- 
weighs their other disadvantages. ee 

We come finally, then, to local treatment; in his cases of dry 
mouth, Rose (1950b) uses local injections of penicillin into the 
parotid duct, parenteral penicillin being ineffective. But in the 
lachrymal gland there are a dozen or so small ducts, which make such 
local therapy impossible, and parenteral penicillin 1S equally 
ineffective. X-ray treatment to the parotid may help the secondary 
infection, and the swellings in Mikulicz’ disease are usually radio- 
sensitive (Elliman and Weber, 1948), but such treatment has no effect 
on the dryness, and indeed one might expect that the consequent 
increase in fibrosis might make the secretions even more deficient. 

The most promising focal treatment is, of course, diathermy to the 
canaliculi (Beetham, 1935). This often gives immediate and striking 
relief, but Henderson (1950) has shown, by a follow-up study, that 
only one patient in three is really benefited, and that some are 
made worse by having a troublesome pool of tears at the inner 
canthus, as in the following example: 

Case 6. Woman aged 62 first attended Mr. O. M. Duthie’s out-patient department 
in November, 1948. Schirmer’s test was right 8 mm., left 6 mm., and the rose-bengal 
stain was positive in each eye, Conservative treatment with gutt. gelatine in Locke's 
solution produced little subjective improvement, Schirmer’s test in May, 1948, being 
right 9 mm., left 5 mm. Diathermy of the left canaliculi was then carried out, after 
which the patient complained of a watering eye. This condition persisted, and in 
November, 1950, Schirmer’s test was right 9 mm., left 24 mm. In view of this, the 
lower canaliculus was re-opened, an operation which was quite easy; the canaliculi 
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tended to close again, however, and a small Weber operation was performed, after 
which it was possible to keep the passages open by occasional sac wash-outs. The 
watering was subjectively much improved, but Schirmer’s test was still 24 mm. in the 
left eye and in December, 1950, it was 24 mm. in the right eye also. 
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Apart from the poor result from the diathermy of ‘the canaliculi, 
the interesting point in this patient is the marked improvement in 
the lacrimal secretion of the right, unoperated eye, after repeated 
surgical procedures in the region of the left lacrimal passages. This 
suggests that the good results of diathermy to the canaliculi may be 
due not so much to blockage of the canaliculi as to the reflex 
stimulation of lacrimal-gland secretion. That there may indeed be 
such a reflex is suggested by Wolff (1948), who argues from the 
diminution in tear secretion that follows extirpation of the lacrimal 
sac. The effect of ' diathermy is explained thus much more 
adequately than by a theory of simple conservation of such 
secretion as is present; in the normal eye, a large proportion of the 
tears is lost by evaporation, and. in patients with diminished 
secretion it would be expected, assuming that the rate of evapor- 
ation was the same as in the normal individual, that by far the 
greater proportion would be lost in this way. The conservation of 
the small volume of tears passing down the lacrimal passages by 
closure of the canaliculi would therefore have very little effect on 
the total amount of moisture in the eye. In Case 1, in whom the 
lacrimal gland had been removed so that diathermy of the canaliculi 
could not initiate a reflex increase in lacrimal secretion and the only 
effect of the operation could be conservation of such tears as were 
present, it is noteworthy that no objective and only slight subjective 
improvement was produced. Possibly the relatively prolonged effect 
of the diathermy in the average patient is due to the removal of 
some secondary blockage of the lacrimal ducts by the suddenly 
increased lacrimal secretion, which has much the same effect as 
repeated local wash-outs of the infected parotid gland through its 
ducts. In time, however, the rate of secretion falls away, epithelial 
debris and secretion accumulate in the ducts again, and the dryness 
of the eye returns, as in Case 4. 

In general, I do not use diathermy except in those cases where 
conservative treatment with some form of artificial tears has failed 
to produce sufficient amelioration of the signs and symptoms. 


SUMMARY 


(1) Kerato-conjunctivitis sicca is a disease due to the combination 
of more than one factor, the first causing the association of a mild 
dry eye with arthritis, in both male and female, and the second, 
possibly endocrine, causing the severe manifestations in the female. 
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(2) The same type of reaction may occur as a more acute and 
patchy process, causing a swelling of the lacrimal glands, linking the 


condition with the idiopathic type of Mikulicz’ disease. . 


(3) The lacrimal swelling may cause ptosis, worse on waking .in 
the morning. , 


(4) The disease process affects also the accessory lacrimal glands, 
and if the main gland is removed for any reason, kerato-conjunctivitis 


sicca follows only in those patients whose accessory glands have 
also been involved. 


(5) This generalized process may have a vascular basis, thus 
accounting for the peculiar oedematous nature of the conjunctival 
changes, which result from axon reflexes in damaged vessels. 


_(6) It is preferable to start treatment with conservative measures 
and to use diathermy of the canaliculi only when the subsequent 
course of the disease justifies it. 


(7) The effect of diathermy is due less to the conservation of the 
tears already present than to a reflex stimulation of the lacrimal 


secretion. 


I wish to thank Dr. J. L. S. Smith for the pathological reports and many valuable 
suggestions, Mr. S. S. Rose for his great help and for the radiograph on which Fig. 1 
is based, the Department of Medical Photography of the Manchester Royal Infirmary 
for Figs. 1, 5, and 6, and the Surgeons of the Manchester Royal Eye Hospital for their 
willing co-operation in allowing me to see their patients. 
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SURGERY OF EXTERNAL RHINOSTOMY 
OPERATIONS* 


BY 


B. W. RYCROFT 
From the Corneo-Plastic Unit, Queen Victoria Hospital, East Grinstead, Sussex 


AN eye which waters persistently from obstruction of lacrimal 
drainage is not only a social embarassment but may well influence 
adversely the chances of livelihood, especially in outdoor occupations 
or in the handling of food. Since lacrimal obstruction from trauma 
occurs so often nowadays in young people the cure is important and 
the remedy lies within the surgical province of the ophthalmic surgeon. 

During the past 25 years British ophthalmic surgeons have seen 
. great inroads on their ancient orbital territory. Neuro-surgeons 
invade from the side and above, rhinologists infiltrate through the 
medial wall, and plastic surgeons enfilade the front. By fashion of 
training and by lack of opportunity, the ophthalmic surgeon has had 
to retreat behind the ramparts of Tenon’s capsule, but in the surgical 
treatment of epiphora and other lesions of the orbital adnexa it is 
surely time for him to emerge, and to re-occupy his former province 
both by the expansion of his teaching and by the improvement of 
his surgical technique. 

This paper seeks to indicate the principles and details of technique 
which have proved useful in over 150 rhinostomies of various types 
and to offer ideas of simplification for general use. 


PRELIMINARY INVESTIGATION 


After the diagnosis of lacrimal block has been established the opinion of a rhinologist 
is always sought. A report is obtained on the local conditions of the middle and 
inferior meatus such as the presence of nasal polypi or hypertrophy of the anterior end 
of the middle turbinate bone. Occasionally a marked deviation of the nasal septum 
first requires correction before rhinostomy can succeed, and adhesions of the septum 
to the lateral wall of the nose are noted in traumatic cases. In one instance unilateral 
naso-lacrimal duct obstruction was the first sign of malignant disease of the antrum. 

A general radiological examination of the skull is also made in every case todetermine 
bony abnormalities, translucency of the sinuses, and the presence of an anterior 
ethmoidal cell which may extend downwards behind the lacrimal bone and influence 
the depth and size. of mucous membrane flaps at subsequent operation. © 
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EXT. ERNAL RHINOSTOMY OPERATIONS 


Fic. 1.—Upper naso-lacrimal block, caused by trauma. Left dacryo- 
cystogram showing rupture of the main lacrimal duct and lateral 
dislocation of the atonic sac, due to fracture of left malar-maxillary 
complex in a miner (high-level block). There is no epiphora two years 
after cysto-rhinostomy. 


Fic. 2.—Lower naso-lacrimal block, caused by chronic infection. Right 
neo-hydriol dacryocystogram showing an unusual site for lacrimal 
obstruction at the nasal opening of the main duct at the root of the 
inferior turbinate bone (low-level block). Note outline of lashes and 
canaliculi. Nasal examination showed impaction of the inferior 
turbinate bone against the lateral wall of the nose. Epiphora was 
cured by.’a single probing and disimpaction of the turbinate bone. 


Routine dacryo-cystograms with-Neo-Hydriol are taken to show the level of the 
obstruction, the position.and size of the canaliculi and sac, and the presence of sac 
loculation (Figs 1 and 2, above, and 3, overleaf), 
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Fic. 3.—Rupture of right naso-lacrimal duct, caused by trauma. 
Fracture of right middle third maxillo-malar complex has diverted the 
naso-lacrimal duct to open into the right antrum. 

ANAESTHESIA 

For anastomosis operations in traumatic cases where there is much cicatrization 
general anaesthesia is essential; it is combined with local infiltration of the tissues 
with novocaine and adrenaline to assist haemostasis. Local anaesthesia alone is not 
usually effective in this type of case. Intra-tracheal anaesthesia with pharyngeal pack 
is routine. The use of the new methonium compounds to depress’ the blood pressure 
during general anaesthesia greatly facilitates operations on the lacrimal area as bleeding 
is thus almost eliminated (Enderby, 1950). 

For non-traumatic obstruction due to chronic nasal infection, local infiltration 
together with nose packs is generally sufficient. 

In all rhinostomy operations the nose is previously prepared by 10 per cent. cocaine 
spray followed by adrenaline pack; infiltration of the nasal mucosa in front of the 
anterior end of the middle turbinate bone separates the mucosa from the bone and 
avoids later damage. 

In addition to the special surgical instruments to be described, a sucker and a 
concentrated source of external illumination by spot lamp are essential. 


TECHNIQUE 


(1) Dacryo-Cystectromy.—Except in patients over 60 years of age, this 
operation should now be relegated to history for it has no place in the 
modern treatment of obstructive epiphora. It has always been illogical, 
and it has been able to persist. too long because it is easy to do and is 
without much risk. Moreover,.the training of ophthalmic surgeons in the 
past has not seriously included anastomosis operations with the nose. 
Dacryo-cystectomy eliminates a suppurating sac, but it does not cure 
epiphora and is at best a makeshift remedy, having no physiological 
basis. When the lacrimal sac is excised after the failure of repeated 
probing in infantile obstruction, insult is piled on injury: excision of the 
sac for obstruction is a procedure which should never be carried out in 
young people, but should be reserved for the elderly patient suffering 
from mucocele or pyocele and living mainly indoors near the fireside. 
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(2) Dacryo-ADENECTOMY.—The results of this operation are so 
inconsistent that it must be considered unreliable as a serious method of 
treatment for obstructive epiphora. Occasional successes have been 
reported, as also for Jamieson’s method of sub-conjunctival section of the 
ductules, but most authorities agree that the results are so unpredictable 
that the operation should only be employed as a last resort. My practice 
has been to remove most of the lacrimal gland only when all other anasto- 
motic measures have failed, as in cases where there has been intense 
fibrosis following wide bony trauma or burns. In such cases, absence of 
drainage and an irritable conjunctiva have kept the eye moist and no 
trouble from keratitis sicca has been encountered. Provided there is 
adequate lid coverage the risk of a dry eye after dacryo-adenectomy has 
probably been exaggerated. The best approach to the gland is through the 
skin, placing the incision in the fold of the upper lid, whereby excellent 
exposure to the upper and outer quadrant of the orbit is obtained. 


(3) LACRIMAL PRoBE.—Treatment by probes must be mentioned. 


(a) Infants.—To pass a metal probe down the tiny tear duct of an infant should be 
considered as a serious procedure on which the comfort of the child’s future life may 
depend. Probing is not justified before the age of 6 months and not even then if there 
is a report of progressive improvement of the epiphora. Most of these congenital 
cases clear up with the aid of persistent digital pressure over the lacrimal sac. The 
risk of damage to punctum or bone is considerable and probing demands the utmost 
care, using a well-oiled dilator followed by a greased No. 0. lacrimal probe under 
complete general anaesthesia. 

(b) Adults—The repeated use of probes in adults does not ensure permanent 
relief from epiphora. The use of the probe once is occasionally justified when 
obstruction is found to be at the lower third of the naso-lacrimal duct, where 
perhaps a mucous fold is obstructing the outlet in the inferior meatus (Fig. 2). These 
cases, however, are rare, and it is preferable to rely on pressure syringing with the 
upper canaliculus closed up. 


(4) Dacryo-Cystostomy.—Experienced surgeons who practise this 
operation in many countries report 80 per cent. cure of epiphora. At the 
Plastic Unit at East Grinstead the method of Dupuy-Dutemps is preferred: 
the essential feature of this method is the accurate mobilization and suture 
of anterior and posterior flaps constructed from nasal and lacrimal-sac 
mucosa. The details of technique to be described are applicable to all 
anastomosis operations. 


Exposure of Lacrimal Fossa.—The incision lies in a natural crease and is 3 cm. long: 
it is centred over the internal tarsal ligament, crossing it 3 mm. internal to the inner 
canthus. Beginners tend to place their incision too far in front, with the idea of 
reaching the bone on the medial side clear of the lacrimal sac. Such an incision does 
not give the best approach to the bony fossa and may involve large blood vessels with 
resultant unnecessary bleeding. In cases of obstruction. due to simple catarrh, these 
large vessels are previously marked on the skin and are always avoided, but in traumatic 
cases with the displacement of tissues this is not always possible. A suitable knife for 
the incision is the Gillette Blade D: this blade is exquisitely sharp and has a heel which 
avoids rucking of the skin and an ugly scar. The approach to the sac should be 
regarded as from the side rather than from an anterio-posterior direction. 
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The edges of the incision are lightly undermined so as to allow wide rake retraction. 
Rollier rakes are preferred to fixed retractors because they allow easier manipulation 
of a probe in the inferior canalculus, and different parts of the incision can be retracted 
to different extents. They also have a definite value for local pressure haemostasis. 


Mobilization of Lacrimal Sac.—The next swage is the mobilization of the sac. The 
tarsal ligament is the landmark for the sac; it is defined and the orbicularis is the split 
in the line of the fibres to the whole length of the incision, taking care not to go too 
deeply. The medial end of the ligament is followed to where it fans out over the bone 
and there it is cleanly divided. The important plane of separation between sac and 
bone is thus reached; by traction on the ligament the lacrimal sac can be peeled off 
the bone and dislocated laterally. This is conveniently done by the Rollier rugine 
which is reasonably sharp and is kept close to the bone. The bone of the lacrimal 
fossa is next meticulously cleaned, especially down to the bony duct; above the tarsal 
ligament the bone is cleaned as far as the fundus of the sac but there is no need to 
define it. The lower half of the sac and the naso-lacrimal duct should be well defined 
and complete haemostasis ensured. 


Rhinostomy Lamp.—At this stage the nasal pack is removed and the Rycroft 
rhinostomy lamp is passed into position. This lamp consists of a small laryngoscope 
bulb mounted on a stainless steel column 12 in. long. It is connected to an ophthal- 
moscope base and battery and is wholly sterilizable. 

The lamp is passed along the vestibule of the nose keeping close to the septum until 
the patch of illumination clearly transilluminates the lacrimal fossa. Inspection will 
then show dehiscences of bony structure and the exact location for the site of bone 
perforation. If the illumination is dull the presence of an anterior ethmoidal cell is 
suspected. Deep bleéding points are also detectable and can be easily picked up. If 
the bridge of the nose is high'and the wound deep, the lamp gives useful illumination in 
the depths of the cavity. This lamp, which has been in use for over three years in the 
Plastic Unit and has not had to be modified, is also used for preliminary general 
inspection of the nose. When the bony fossa has been accurately cleaned with sac 
and ligament well retracted behind a rake, the bony fenestrum can next be made. 


Bone Section—For many years a hammer and chisel have been used or simple 
fracture has been performed where the lacrimal bone was very thin. By these methods 
it was not always possible to avoid damage to nasal mucosa and they have been 
discarded in favour of the fuse of the lacrimal hand trephine* (Fig. 4, opposite). Two 
types are used; one with a centre pin and coarse teeth for the initial groove of the bone, 
and a second type without a centre pin and with fine teeth to complete the section. 
The diameter of the trephine is 9 mm.; it is made of stainiess steel and all in one piece 
for ease of sterilization. 

The site of the bone opening is important, and the centre pin is engaged at the lower 
and posterior part of the lacrimal fossa close to the commencement of the naso-lacrimal 
duct; the corresponding nasal opening then falls just anterior to and below the end of 
the middle turbinate bone. 

The centre pin is just long enough to penetrate bone without damage to mucosa, 
and once it is fixed the trephine is gently and*firmly rotated slowly so that the teeth 
begin to bite easily. Care is taken to put the main pressure on the anterior edge where 
the thick bone of the nasal process of the maxilla has to be cut. With practice it 





_ “For those who prefer electrical trephines there is the original modei of Arruga. Such an instrument 
is difficult to procure in Great Britain, but at the suggestion of Mr. Ivor Lloyd, Messrs. Down Bros. 
have constructed a similar instrument. 
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Fic. 4.—Rycroft lacrimal hand trephine (modified from Arruga, 
manufactured by Messrs. Allen and Hanbury). 


becomes simple to cut a clean circular disk of bone and_to lever it out in one piece. 
Transillumination by the rhinostomy lamp is a great help at this stage, and even in the 
hands of a novice serious damage to the nasal mucosa is rare. This was always 
a problem when the hammer and chisel were used. Traquair has designed an 
elevator which is very suitable for sweeping the nasal mucosa from the bone. Previous 
intra-nasal infiltration with novocaine-adrenaline assists this manoeuvre. The mucosa 
is then gently pushed towards the nose to make room for the punch, 


The bony opening is enlarged downwards and backwards until it measures about 
? in. long by 4in. wide. The Citelli type of punch is preferred: this has two fixed female 
cutting edges which allow enclosure of the bony fragments when cut off. Only one 
punch with upturned cutting edges is used. A sharp Nettleship dilator dislodges the 
bony fragments from the end of the punch. Such a punch should have long firm shanks 
and should always be sharp. If the shanks are short the hand obscures a view of the 
biting end in action, and if they are not rigid they tend to whip when the punch is 
twisted to remove bony fragments. The manoeuvre which cuts the bone commences 
with firm pressure and terminates by a twist to free the bony fragments. Heavy lever 
action is dangerous and means the punch is blunt. 


If an anterior ethmoidal cell is encountered at this stage it is easily seen by the aid 
of the rhinostomy lamp and is nibbled away into the nose. The only difficulty then is 
that the nasal; mucosa lies at greater depth and mobilization of posterior flaps becomes 
rather more difficult. 


When the bony opening has been enlarged to suitable size and when the edges have 
been trimmed, the nasal mucosa, blanched by adrenaline is carefully inspected for 
condition and adventitious cuts. The rhinostomy lamp pushes it outwards into the 
wound for ease of inspection. If the mucosa is soft and boggy, an attempt at flap 
suture is worthless as stitches always cut out. In such cases it is preferable to employ 
a large anterior flap constructed entirely from the lacrimal sac. The posterior edge of 
the bony incision in such a case is then trimmed well back and cleared of mucosa. 
The principle of a single large flap is also used elsewhere in plastic surgery for the 
formation of mucous membrane tubes as in the urethra reconstruction. 


Attention is next paid to the lacrimal sac and a Number 0 lacrimal probe is passed 
into it along the inferior canaliculus. ° Students should always be impressed that the 
utmost care. is essential to avoid damage to the inferior punctum in these rhinostomy 
procedures. Punctum damage is seen after probe trauma on these occasions, and the 
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result of an excellent anastomosis operation may well be impaired by a damaged 
stenosed canaliculus or everted punctum. 

The probe is gently pushed medially into the sac until the medial wall is tented. 
Plastic hooks are placed in the sac above and below, so that the sag wall is firmly 
stretched, The medial wall of the sac is opened with a Gillette knife over the probe, 
which then emerges and is moved gently up and down to enlarge the opening. One 
blade of a pair of round-end scissors is inserted into the sac opening making a single clean 
straight cut below and above. The interior of the sac is identified by the rugose 
mucosa of blue-grey colour. 

If the sac is of the large patulous type, it is a simple procedure to fashion an anterior 
and a posterior flap. If the sac is small and fibrotic the flaps are extended by lateral 
dissection to include fascia and deep fibres of the orbicularis. 

The flaps from nasal mucosa are formed by an incision over the rhinostomy lamp 
in a similar manner and completed in the same way with scissors. It is an advantage 
to construct the posterior anastomosis mainly of nasal mucosa and the anterior 
anastomosis mainly from sac. Approach is thereby easier and the suture lines do not 
lie exactly opposite each other. If the nasal flaps are tight, more bone must be nibbled 
away and'more mucosa mobilized. It is absolutely essential that there should be easy 
apposition of flap edges and no tension on the suture line. 


Suture of Flaps.—This can be a difficult procedure unless a proper needle is 
employed. Such a needle, suitable for use in a deep cavity, has been made for me by 
Messrs. A. W. Showell of Redditch. This is a small stout needle with 5/6 circle curve 
and with the cutting edge on the inside of the curve. It is similar to the Denis Browne 
cleft-palate needle but is smaller so as to be adapted to lacrimal needs (Fig.5). Needles 
of this type fixed on a handle have been discarded, as after use the needle point becomes 
blunt and the hole rusts. Needles with a wide curve catch in the edges of the wound 
and cannot be easily passed through the mucosa. For easy work a needle with such a 
full curve is desirable, and it is inserted 
by wrist movement alone. No. Obraided 
black silk is used. The next step is to 
place two or three sutures in the pos- 
terior flaps. If the mucosa is worth 
suturing the stitches will not pull out. 
When the posterior flaps are sutured, a 
narrow rubber tube (Jaques No. 3 
catheter) is pulled down into the nose 
by a pair of narrow straight Spencer- : 

Wells forceps and fixed in pioapion by pier Pr neg: enn aye anger Sram 
a single catgut stitch. Theupperendof the ferrule (A. W. Showell and Co., Ltd.). 
the tube lies for a week between the flaps 

and ensures that anterior and posterior flaps do not stick to each other; it also prevents 
the organization of blood clot in the bony opening. The anterior flaps are next sutured 
together over the tube and the orbicularis is neatly closed in layers with interrupted 
catgut sutures, the transverse tarsal ligament being fixed in position again. The 
wound is dusted with penicillin powder and interrupted sutures are used to close the 
skin: a continuous intra-cuticular stitch does not fit nicely in a curved incision and 
occasionally it is necessary to release a stitch for drainage if there has been considerable 
infection of the sac and contamination of the incision. A narrow pad and strapping 
without pressure are applied for 48 hours. Skin stitches are removed on the fourth day 
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and the rubber tube is withdrawn at the end of a week. Daily lacrimal irrigations 
for a further 10 days from the third post-operative day complete treatment. A control 
dacryo-cystogram is taken before the patient is discharged from hospital. 


(5) CANALICULO-RHINOSTOMY.—This operation, first described by Arruga 
(1935), has been employed in those cases where the lacrimal sac had been 
removed but where the inferior canaliculus was intact. The operative 
procedure is the same as that described above, except that the lacrimal sac 
flaps are absent and the lateral flaps have to be fashioned from neighbouring 
scar tissue and deep fascia. This area is tented in the same way by a probe 
in the canaliculus and flaps can easily be made from the scar tissue. It is 
important that these flaps should be large and that the nasal mucosa should 
be widely mobilized to avoid tension. 

The inferior canaliculus mucosa should be brought closely to the nasal 
mucosa if epithelial continuity is later to be established. Buried as it is 
in scar tissue, there is a great tendency for the medial end of the canali- 
culus opening to close. To avoid this a nylon or silk suture is retained in 
the new channel for three months. The suture is fixed above to the 
forehead and emerges at the nostril to be fixed on the lateral malar 
prominence. The upper end of the suture should not also be brought on 
to the cheek but should be fixed to the forehead so as to avoid eversion of 
the inferior punctum. Long retention of the obturator is essential if the 
new channel is not to close. In spite of this retention suture the canali- 
culus opening often closes after a time and a method is being investigated 
at present whereby a new sac is constructed from buccal mucosa to 
establish continuity of mucous membrane between the medial end of the 
inferior canaliculus and the nasal mucosa. Late results of permanent 
drainage by canaliculo-rhinostomy alone have not been entirely 
satisfactory. 


(6) CONJUNCTIVO-DACRYOCYSTOSTOMY.—Stallard, (1950) described this 
operation for use when both canaliculi are out of action but where the sac 
and naso-lacrima] duct are intact. The fundus of the sac is cut off and 


the opening implanted in the conjunctival fornix. 

Three practical difficulties have been encountered in the use of this 
operation: 

(1) It is rare to find an injury which cleanly divides both canaliculi but which does 
not in any way damage the lacrimal sac. : 

(2) If the sac is closed off from external approach it is difficult to determine the 


patency of the main lacrimal duct beforehand. To open the sac is to risk cicatrization 
and it is a formidable and painful manoeuvre to establish patency by way of the 
inferior meatus. 


(3) When the sac has been transposed it has been found difficult to keep the con- 


junctival opening permanently patent. . 
For these reasons, therefore, my success with this operation has been 
limited to one out of four attempts. Bony fracture and adhesion of the 


sac were complications and free mobilization of the sac has’ proved 
ifficult. 
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Fic. 6.—Cantho-cystostomy. Fracture of maxilla and nasal bones, 
_inferior canaliculus obliterated by scar tissue, main duct and upper 
canaliculus patent. The lateral wall of the sac has been divided into 
anterior and posterior flaps which are held by hooks. The medial wail 
of the sac is exposed. Note deep healed scars in surrounding skin. 








(7) CantHo-Cystostomy.—If the lower canaliculus alone is obliterated 
but the superior canaliculus is patent, it is quite feasible to open up the 
entire lateral wall of the lacrimal sac into the lacus lacrimalis (Figs 6 and 7). 
A sharp Weber knife is inserted in 
the upper punctum and the lid is 


put on the stretch. Conjunctiva 
is held out of the way by plastic 
hooks. The upper canaliculus and 
lateral wall of the sac are then slit 
right down to the opening of the 
naso-lacrimal duct and two flaps 
are thus produced. The anterior 
flap is stitched by two or three 
stitches forward and the posterior 
flap is trimmed level or sutured; fig, 7,Same case as Fig. 6. One month 
the opening is packed for 8 to 10 later, a bridge of tissue had crossed the 
days and thereafter lacrimal irri- lower end of the opening; this was st 
gation iscommenced. Itisessen- terized. Drainage was free. Six mon 


. . th tient had iphora when 
tial that the opening should extend ses Fong L ageanice snd and forester. The 


well below the level of the lacus _ lower lid is pulled down for demonstration. 
and into the naso-lacrimal duct or ; 

else a bridge of tissue may form which will subsequently require cauteriza- 
tion to ensure free drainage. Three cases treated by this operation are 
all free from epiphora 6 to 8 months after operation. 
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(8) CantHo-RuINosTomy.—This operation is performed where neither 
canaliculi nor sac are available. Examples of such cases are previous 
dacryocystectomy, extensive burns, bony trauma, and wide excision of 
tissues following radium treatment of malignant disease. 

The initial steps of the operation are the same as for dacry-cysto- 
rhinostomy, but bleeding is generally more difficult to control. Also 
much scar tissue has to be excised to get clean exposure of bone. 

When the bony opening is made, the nasal mucosa is generally found to 
be scarred and degenerate; this is not utilized but is cleared completely 
from the edges of the bony opening. A tube of buccal mucosa measuring 
1” x }" is next prepared and stitched over and on to an acrylic tube 
(Fig. 8). _ This tube (size Jaques No. 3 catheter) is passed through a stab 
incision at the inner canthus in front of the plica and at the lowest level 
of the lacus, and through the bony opening into the nose. The upper end 
of the mucous tube is stitched to conjunctiva by three sutures of fine black 
silk and the acrylic tube is retained in position for three months. Results 
of this operation so far show that seven of eleven cases have no outdoor 
epiphora three months after removal of the tube. For this kind of 
drainage, a large opening into the nose is not desirable since it is well 
known that epiphora sometimes continues although the patient has a large 
bony opening into the nose. The aim is to obtain a liquid column of 
capillarity from the inferior conjunctival fornix to the middle meatus of 
the nose, and the direction of the mucous tube is almost vertical. It is 
not known what influence the cilia or orbicularis pressure has in this type 
of lacrimal drainage (Fig. 9).. The patient shown here was a tailor who 
had had a severe central and lateral middle third fracture with sac 
destruction, and epiphora was a handicap in his employment. 





. 


Fic. 8.—Left cantho-rhinostomy. Tube in Fic. 9.—Right cantho-rhinostomy. Con- 


position in nose and upper end of mucous junctival opening seen seven months after 
membrane graft seen at the inner canthus operation; there is no epiphora and the 


where it is fixed by three stitches. tube is freely patent. 


(9) MINOR ASSOCIATED PROCEDURES.—For eversion of the inferior 
punctum without stenosis or ectropion, galvano-puncture is very useful. 
Three deep punctures of the electro-cautery at bright-red heat are made 
2 mm. below the line of the inferior canaliculus. Where, however, the 
inferior canaliculus is-also stenosed from long disuse or damage, the 
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posterior wall is freely excised in a triangular fashion (canaliculectomy or 
three-snip operation). Care is taken to carry the excision of conjunctival 
mucosa well beyond the stricture and, if necessary, into the neck of the 
lacrimal sac, and to pack the opening for 48 hours to prevent premature 
closure. Where there is epiphora of long duration, there may be secondary 
hypertrophy of the carunle from irritation. It is occasionally necessary to 
cauterize the caruncle to avoid blocking an enlarged inferior punctum. 


SUMMARY 


The relief of epiphora due to obstruction of lacrimal drainage lies 
in the province of the ophthalmologist. Simplified operative 
techniques and new instruments are described. 


(1) Dacryo-adenectomy and dacryo-cystectomy are not recom- 
mended for the treatment of obstructive epiphora. 


(2) Where sac and canaliculi are intact, dacryo-cystostomy is the 
operation of choice, preferably by the method of Dupuy-Dutemps 
employing anterior and posterior sutured flaps. 


(3) Where the inferior canaliculus is intact but the lacrimal sac 
has been removed, canaliculo-rhinostomy (Arruga) has been em- 
ployed. Owing to poor late results, a method of mucous membrane 
inlay is being tried. 

(4) Where the upper canaliculus, sac, and duct, are intact but the 
inferior canaliculus is obliterated, simple cantho-cystostomy, or the 
opening of the lacrimal sac into the conjunctival fornix, restores 
lacrimal drainage. 


(5) Where lacrimal sac and canaliculi are both absent, drainage can 
be re-established. by cantho-rhinostomy, employing a tube of buccal 
mucous membrane from the conjunctival fornix to the nose. 

My thanks are due to Sir Archibald McIndoe, Messrs F. T. Moore and Giles 


Romanes, and Sister King, and other colleagues at East Grinstead for their interest 
and help, and to Mr. Gordon Clementson for his expert photography. 
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OBSERVATIONS UPON THE MOVEMENTS OF 
THE EYELIDS:+ 


BY 
G. GORDON 
Laboratory of Physiology, Oxford University 


THE human M. orbicularis oculi takes part in many patterns of 
movement. Some of these, like the corneal reflex, the narrowing of 
the palpebral orifice in bright light, or the adjustments which 
accompany upward or downward rotation of the eyeball, are 
connected in a comprehensible way with the eye itself. The muscle 
also plays its part in complex movements of the face, such as smiling. 
A third and particularly interesting type of movement is that of 
unconscious blinking, the pattern of which is undoubtedly related to 
visual perception (Hall, 1945), but which nevertheless occurs with 
about the normal frequency both in the blind, and in subjects in 
whom the cornea has-been made anaesthetic (Ponder and Kennedy, 


1928). 

It is known from direct observation that there is some functional 
subdivision between the different anatomical regions of the orbicularis 
(Gad, 1883; Whitnall, 1921), and an attempt is made in this 
communication to amplify these earlier descriptions by means of 
electromyographic observations. It was found in the course of 
another investigation (Gordon and Holbourn, 1948) that the action 
potentials of single motor units could easily be recorded by means 
of wire electrodes placed upon the surface of the eyelids, and in this 
way one may get definite information about the activity of the 
motor neurones supplying this muscle. The opportunity has also 
been taken to investigate the activity of M. levator palpebrae superioris 


in the monkey. 


METHODS 


HuMAN EXPERIMENTS.—The great majority of the observations were made upon my 
own eyelids. After some preliminary work, attention was limited to my left eye, of 
which a photograph was taken and a millimetre grid superimposed upon the photograph. 
The points from which observations had been made were recorded by reference to this 
grid. 
The electrodes used for recording the action potentials of the orbicularis through the 
skin were described in an earlier paper (Gordon and Holbourn, 1948), Either one or 
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two pairs of these electrodes were used, and these were attached to holders kept in 
position by the hands. The electrodes only pick up large potentials when they rest on 
the thin skin which covers the lids and extends a short distance beyond them. In this 
region, it is often an advantage to push the points of the wires inwards, so that the 
skin is invaginated, and in this way one may explore the muscle almost as easily as 
with a subcutaneous needle electrode. Satisfactory records from the outer orbital 
regions could only be made with concentric electrodes; these were made from No. 17 
dental needles, insulated up to the tip, and inserted through the skin. 

The velocity of movement of the upper eyelid during blinking was recorded by an 
optical technique. A polished steel ball-bearing (1.57 mm. diam., weight 15 mg.) 
was stuck to the centre of the upper lid, 1 mm. above its lower margin, and the skin of 
the lids and of the surrounding area was blackened with burnt cork. The ball-bearing 
was illuminated from above the eye with a 100-watt bulb, and a continuous record was 
made on moving photographic paper of the movements of the ball-bearing during 
blinking. The position of the ball with respect to the rest of the eye was checked by 
taking still photographs before starting the movement of the paper in the camera. 


ANIMAL EXxPERIMENTS.—A number of observations were made upon the levator and 
orbicularis of the baboon (Papio papio). The animal was anaesthetized with nitrous 
oxide, and then given sodium hexobarbitone intraperitoneally in a dose of 50 mg. 
per kg. body weight; the nitrous oxide was then stopped, and the anaesthetic maintained 
by further doses of 50 mg. hexobarbitone as required. The levator was exposed by 
carefully removing the roof of the orbit, starting from within the cranial cavity; the 
frontal pole of the cerebrum was undercut with bone forceps, but it remained undisturbed 
and the dura was not opened. A small concentric needle electrode, of a kind already 
described, was carefully inserted in the muscle. Other similar needles were inserted 
in various parts of the orbicularis, and simultaneous records were made from the 
two muscles. 


Amplifiers—Action potentials were amplified by resistance-capacity coupled push- 
pull amplifiers, and records made in a conventional way with cathode-ray tubes and a 
moving-paper camera. The published records have been re-photographed, but not 
re-touched. Measurements quoted were made from the original records, not from the 
reproductions. 


RESULTS 


(1) BLINKING.—The word “ blink” is used here to mean an 
extremely brief closing of the palpebral orifice, whether this particular 
intermittent type of movement is brought about voluntarily or 
involuntarily. There is some justification for describing these 
movements under one heading, because voluntary and involuntary 
blinks appear to involve the same parts of the eyelid musculature, 
and to have similar time-relations and electromyographic pattern. 
The movement involves both eyes; the upper lid’ moves briefly 
downwards and the lower lid upwards and nasally, both lids 
returning quickly to their resting positions. 


The movement of my own upper eyelid has been studied in both 
voluntary and involuntary blinking by an optical recording method, 
the results being shown in Fig. 1 (opposite), and in the Table. 
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TABLE 
COMPARISON OF THE SPEED AND EXTENT OF MOVEMENT OF THE 
UPPER EYELID IN VOLUNTARY AND INVOLUNTARY BLINKING 
(G.G., LEFT EYE). SEE ALSO FIG. 1. 





Extent of Movement "Time to Crest of Curve 








Type of | No. of 
Blink Observations Mean Standard Mean Standard 
(mm.) Error (msec.) Error 





Involuntary 11-04 +0-25 52-94 + 13-52 








Voiuntary ... | 23 10-45 + 1-04 50-26 +8-81 
8 





A statistical analysis of the mean figures quoted in the Table showed 
no’ significant difference between the two types of blink. The values 
of standard error indicate that variations in the pattern of movement 
exist within each group; the curves in Fig. 1 have been selected to 
show the approximate range of this variation. 


Fic. 1.—Blinking. Records of the movement of an illuminated ball- 
bearing attached to the upper lid. (a) and (5) involuntary blinks ; (c) 
and (d) voluntary blinks. The records have been inverted for reproduc- 
tion, an upward movement in the figure representing a downward move- 
ment of the lid. ‘ The inverted diagram of the eye in (a) was traced from 
a still photograph, and shows accurately the position of the ball-bearing 
in relation to the rest of the eye. The head had been rotated through 
10° in the coronal plane, raising the left eye from the horizontal, so as 
to record a true vertical movement of the upper lid. 


The onset of the movement is not abrupt; in many records there 
is a slight inflection of the curve after the lid has moved down 
about 1 mm., and thereafter the movement is rapid. The significance 
of this inflection will be considered later in this paper. After the 
crest, the curve of relaxation is smooth, and the point of completion 
of the movement.is not easy to determine accurately. In four 
recorded blinks, two voluntary and two involuntary, a sufficient 
stretch of level baseline was present to allow approximate determina- 
‘tions of the total duration of the blinks: the mean figure was 
288 msec. (+ 7 per cent.). It was also observed that under similar 
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conditions to those of the experiment, my left upper eyelid can 
descend about 2 mm. without interference with vision, and from the 
same four records as those mentioned above, the period during which 
vision is interfered with by the blinks was estimated as 130 msec. 
(+3.8 per cent.). This figure is of the same order as that given by 
Lawson (1948) as the value for total period of blackout of his own 
pupil during blinking (0.1 sec.). 

Muscle action potentials associated with blinking can be detected 
from the whole surface of both upper and lower eyelids, and over the 
extensions of the palpebral muscle surrounding the inner and outer 
canthi. The potentials appear as bursts of activity, lasting for 
periods up to about 55 msec., and usually consisting of high-frequency 
trains of impulses in a number of motor units, firing asynchronoysly, 
but records can be made from single isolated units after the position 
of the electrodes has been suitably adjusted. If the electrodes rest 
on a part of an eyelid where considerable movement is taking place, 
the movement causes an artefact in the potential record, so that the 
best positions are usually found on the lower lid, which moves much 
less than the upper, and on the nasal side of the upper lid. Good 
records were seldom made from the main extent of the upper lid, 
partly because of this movement, and partly because the points of 
the electrodes cause discomfort there. 


Records from a large number of individual motor units show that 
anything from one to five impulses may be discharged during a 
blink, but the records from four different units in Fig. 2 show that 
the range of variation in any particular unit is smaller than this. 
Each unit tends to show two or three characteristic patterns in the 
temporal grouping of the impulses, and in a large number of records 
from any particular unit, each pattern recurs a number of times in 
almost identical form; the records in Fig. 2 have been selected to 
show the range of temporal pattern which was found in each of the 
four units. One particular type of grovning which calls for comment 
is seen.in Fig. 2, a and c; the first two impulses are very close 
together, and the third occurs after.a considerably longer interval. 
The occurrence of this interval suggests that the first pair of impulses 
may result from a “ double discharge ”’ of the motor neurone, an 
effect which is found in human limb muscles (Gilson and Mills, 1941; 
Denslow, 1948), and which has an initial accelerating effect upon a 
contraction (Gordon and Holbourn, 1949). The tendency for this 
type of grouping to occur introduces some difficulties in the measure- 
ment of the frequencies at which these motor units discharge during 
blinking, but it was decided arbitrarily to estimate frequencies only 
where three or more impulses were fired, whether or not the 
suggestion of a double discharge and compensatory interval was 
present. The frequency was then estimated over the first three 

















MOVEMENTS OF THE EYELIDS 343 


(Dally ele lige ml fe tilly ; 
( 


iow 
See le ee ee ee 


Fic. 2.—Blinking. Records of the action potentials of four different 
motor units, a, b, c, and d, during voluntary blinking, several examples 
being shown from each unit. The anatomical positions from which 
these records were made are shown in a diagram. 

Frequencies of firing measured over first three impulses : 
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(a) | 59* 87% 118*; 125 | — | impulses per sec. Total observed range 59*-125 per sec. 
(6) | 129 | 159 | 154 | 174 | 140 | impulses per sec. Total observed range 100 -177 per sec. 
(c)| 70*| 95 | 114 | 108 | — | impulses per sec. Total observed range 70*-116 per sec. 
@di—-j— 66 } 73 | — | impulses per sec. Total observed range 59 -105 per sec. 








be ae a suggested the presence of a double discharge and compensatory 
impulses of the burst of activity. With these criteria, the range of 
frequencies over a large number of motor units lay between 45 and 
182 impulses per sec., the range for any particular unit being 
considerably narrower than this (see Fig. 2, legend). 

The motor units lying nearest to the margins of the eyelids generally 
discharge at the highest frequencies, but it is difficult to obtain 
satisfactory records from this region, since the number of units 
taking part in blinking is very great there, and the records are often 
complex. For this reason, it is possible that higher frequencies of 
discharge occur in these marginal units than has been recorded in 
this paper. 

The majority of the motor units which respond in blinking have 
shown no evidence of taking part in other types of contraction— 
that is to say, attempts to make them contract by sustained voluntary 
effort are not successful, and no voluntary grading of the blink 
contraction seems possible. Units of this type appeared to take no 
part in attempts to close only one eye (winking). Some units in 
the outer regions of the lids, however, and a few even in the superior 
orbital part of the muscle, can respond both in blinking, in unilateral 
winking, and in graded voluntary contraction; these units show 
relatively low impulse-frequencies during blinking (e.g., Fig. 2, d@), 
and their threshold in tonic voluntary contraction is high in relation 
to other units responding during tonic voluntary effort (see the 
following section of this paper). These observations, : therefore, 
suggest an exclusiveness of the “ blink ” units nearest to the margins 
of the lids, although it cannot be said categorically that they take no 
part in maximal tonic contractions when the whole eye is strongly 
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screwed up, since continuous observation of any particular unit under 
these circumstances is impossible; certainly their threshold to tonic 
voluntary activation is, at least, very high. 

In this type of experiment, the anatomical position of a motor 
unit can only be assessed by moving the electrodes until the potentials 
of the unit reach maximal amplitude. With this criterion, it must 
be assumed that the great majority of the units responding in blinking 
belong to the palpebral part of the orbicularis, and are most numerous 
in its inner portions—those nearest to the margins of the lids. 


(2) SUSTAINED VOLUNTARY CONTRACTIONS.—A variety of move- 
ments of the eyelids can be brought about by sustained voluntary 
effort, ranging from a minimal narrowing of the lid aperture to a 
maximal screwing-up of the whole eye. These movements may be 
unilateral or bilatera). 

In slight narrowing of the aperture, the lower lid moves upwards 
and a little nasally, but without the marked nasal direction which is 
seen in blinking. The contraction appears to begin in the lower 
regions of the lid, but when the effort increases, regions below the 
lid also contract. The upper lid moves downwards, but the con- 
tracting muscle is not seen at first, since the upper part of the lid is 
out of sight. The motor units of lowest threshold in these slight 
sustained contractions appear, from action potential studies, to lie 
in the regions of the upper and lower eyelids furthest from the lid 
margins. Their discharges can be graded, by voluntary effort, from 
single isolated impulses to rhythmic discharges, with an upper limit 
of frequency, in strong contraction, of about 50 per sec. Their 
properties resemble those of the motor units in limb muscles under 
similar volitional drive. No activity has been seen in these low- 
threshold units during blinking, and when a blink is superimposed 
upon a slight tonic contraction in which one of these units is involved, 
the tonically contracting unit rarely shows any increase in frequency 
of firing during the occurrence of the blink, sometimes a drop in 
frequency occurs immediately after the blink has taken place 
(Fig. 3, b, c, and a). s FOS x 

More units of this low-threshold type are recruited into activity as 
the contraction proceeds, when the effort becomes still stronger, 


discharges occur in a group of motor units which respond both in 
biinking and in sustained contractions. The activity of a unit of 
this type is shown in Fig. 2, d, which was referred to in the previous 
section. A similar unit is shown in Fig. 3, a, where it becomes active 
half-way through the record with an increase in voluntary effort, 
and the same unit fires in the blink responses of Fig. 3, 6, and c. 
This particular unit was easily identified in different responses by the 
polyphasic configuration of its action potentials, an example of 


which is shown on an expanded time-scale in Fig. 3, b’. 
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Fic. 3.—Sustained voluntary activity. Records of the action poten- 
tials of two motor units, made from the position shown in the diagram. 
The first unit with small potentials fires during slight sustained effort, 
but takes no part in blinking; the second unit with large potentials 
fires during strong sustained effort, and also during blinking. 


(a) slight sustained effort, with a sudden increase in effort half-way through the record. 
(6) and (c) moderate sustained effort, showing at one point (y) a single discharge of 
the second unit. The points marked x represent blinks, in which the second unit 


is active, . a 
(d) record made at higher speed, after slight adjustment of the electrode position. 


(b') refers to records (a) to (c), and shows a record of one action poten- 


tial of the second unit made at the same speed as record (d) ; it is useful 
in identification. 

In strong contractions, in which the eye begins to be screwed up, 
activity is found in the outer (orbital) regions of the orbicularis. 
In a series of observations which were made with concentric needle 
electrodes, placed in this muscle about 8 mm. below the inferior 
orbital margin, no activity whatever was found during blinking. A 
single motor unit which was identified in this region took part in a 


variety of voluntary movements, responding during elevation of the 
angle of the mouth at low volitional threshold, during screwing up 


of the eye at a higher threshold, and during dilatation of the nostril 
at still higher threshold; it also responded readily in smiling. 

The superior orbital region of the orbicularis was also exphored 
with a subcutaneous electrode, inserted 10 mm. above the superior 
orbital margin to a depth of about 5mm. The great majority of the 
units encountered here responded only during screwing up of the 
whole eye and during smiling or frowning. One unit was of a type 
referred to in para. 3 of this section, responding at low frequency in 
blinking, as well as during moderate sustained voluntary effort. it 
also responded tonically when the gaze was directed downwards as 
far as possible. 


(3) ACTIVITY RELATED TO CHANGE OF OCULAR FIXATION.—When 


the gaze is directed upwards, the upper and lower lids rise, following 
Closely the movement of the iris. The converse effect occurs on 
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looking downwards. When the eyeballs rotate quickly, the initial 
adjustment in the position of the eyelids is accompanied by brief 
motor unit discharges in each lid, the units involved belonging to the 
group described in Section 1 (Fig. 4, a toc). This may involve an 
actual blink, which often accompanies changes of ocular fixation 
(Hall, 1945). The number of units firing is often small, however, 
and the movement may not be large enough to close the lids. If 
the eyeballs rotate slowly, this brief initial discharge may not occur 
(cf. Fig. 4, c and d). 

This initial burst of activity is followed, when the gaze is upwards, 
by sustained activity in a small number of motor units in the lower 
part of the lower lid, which only cease to fire when the eyes look 
down again. These units appear to take no part in blinking, but 
belong to the group described in Section 2, which have a low 
threshold in slight sustained voluntary effort. The frequency of 
discharge in these units increases with increased upward rotation of 
the eyeball, and at the same time more units are recruited into 
activity. 

No sustained motor unit discharges have been detected with 
surface electrodes on the upper lid during the converse process of 
looking downwards. One unit has been detected with an inserted 
electrode in the superior orbital region of the orbicularis, which 
responded only on extreme downward direction of the gaze. A 
considerable part of the downward movement of the upper lid in 
these circumstances is presumably brought about by partial relaxation 
of the levator. 


(4) CORNEAL REFLEX.—A rew observations have been made on 
corneal reflexes induced by lightly touching the cornea with wisps of 
cotton wool. Two types of motor discharge have been observed. 
The first occurs in the group of motor units which also discharge in 
blinking, and the pattern of activity in the reflex is very similar to 
that of blinking, being bilateral, and consisting of brief high-frequency 
bursts of impulses. The stimulus was not quantitatively controlled, 
but a number of observations gave the impression that an increase in 
the stimulus caused more units to fire, but that the characteristics 
of the discharge of any single unit were little affected. Persistence 
of the stimulus, however, when the cotton wool was not immediately 
removed from the cornea, often caused one or more repetitions of 
the reflex discharge. 

The second type of activity consisted of a discharge of greater 
duration and lower frequency in a few units of the type which have a 
low threshold in sustained voluntary activity, but which take no 
part in blinking. This is most conspicuous in the peripheral 
portion of the lower lid, and may occur unilaterally. 

The first and second types of discharge may occur together in a 
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Fic. 4.—Changes of fixation, - Lower lid, 


(a) and (b) show two parts of a record in which the gaze was directed 
quickly upwards (at beginning of (a)), and then quickly downwards (at 


end of (b)). The small polyphasic potentials are those of a ‘tonic’ 


unit, the large potentials those of a ‘ blink’ unit. 
Records (c) and (d) were made from a new electrode position near to 


the first. (c) shows a quick downward direction of the gaze, in which 

nk occurred ; (d) shows a slower downward direction, without a 
blink. In each case the gaze had been directed upwards for several 
seconds previously. : 


reflex if the stimulus is strong: weak stimuli sometimes induce 
discharges of the first type only. 


(5) ANIMAL EXPERIMENTS.—The experimental results obtained 
from the human eyelids are precise enough to allow a tentative 
classification of the various parts of M. orbicularis oculi according to 
the types of movement in which they are involved. The movements 
which occur spontaneously, or which may be elicited, in the 
anaesthetized animal are of such a limited kind that it seemed that . 
little would be gained by attempts to relate them to the movements 
in the conscious human being. The only matter upon which no 
evidence could be obtained in the human being was the part which is 
played by M. levator palpebrae superioris, particularly during 
blinking: it was not known, for instance, whether the levator 
remains active during a blink, or is partially or completely relaxed. 

An experiment was carried out upon a baboon (Papio papio), 
anaesthetized with hexobarbitone. These animals, when conscious, 
blink spontaneously in a way closely resembling that of the human 
being, and, unlike most of the smaller monkeys, their eyes may 
remain open, and some blinking may continue, when the animal is 
anaesthetized. In very profound barbiturate anaesthesia, especially 
under “‘ Dial’, the eyes remain closed. The levator was exposed 
and electrodes inserted in it (see METHODS): it was found that 
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while the eyes remained open, the activity of single motor units could 
be detected in the muscle, discharging at frequencies between 15 and 
’ 50 impulses per sec. The beginning of each spontaneous blinking 
movement was accompanied by complete cessation of actiwity in the 
levator, which remained inactive for 240 to 560 msec. (Fig. 5); this 
indicates a reciprocal relationship between the levator and the 
orbicularis, even in this extremely brief movement. It was also 
found that in seven out of fourteen successive blinks there was a 
drop in the frequency of firing of a single unit in the levator which 
could be detected some 35 to 85 msec. before total relaxation of the 
muscle occurred (Fig. 5, a and c). This partial relaxation of the 
levator will be referred to below in relation to the slow initial move- 
ment of the upper eyelid in the human blink. 

In very profound anaesthesia, the eye was closed, and no activity 
could be detected either in the levator or the orbicularis. When the 
lids were slightly separated, and jets of air blown on to the cornea, 
reflex electrical activity could sometimes be detected in the orbicularis, 
even though no movement could be seen. This consisted of an 
immediate brief discharge at high frequency, followed by tonic 
activity which was sustained for a variable period. Observations 
made during repeated movements of the needle electrode suggested 
strongly that the initial responses were of greatest amplitude in the 
portion of the muscle nearest to the margins of the lids, and the 
sustained responses in more peripheral portions. Unfortunately, 
however, the needle electrode did not allow such precise localization 
as the surface electrodes which were used upon the human eyelid, 
and no clear-cut anatomical distinction could be made. 


DISCUSSION 


The great variety of the movements in which the eyelids are 
concerned has been discussed in detail by Gowers (1879), and by 
Whitnall (1921), and it is proposed only to deal here with the types 
of activity described above. The results support, in a broad sense, 
the conclusion of Gad (1883) that, within the eyelids, the innermost 
(pretarsal or epitarsal) fibres are concerned with the movement of 
blinking, while the more peripheral (preseptal or peritarsal) fibres 
are concerned with sustained narrowing of the palpebral orifice. 
There seem, however, to be three main functional groups of motor 
units, and although the general arrangement is that described by 
Gad, no group is entirely confined to one anatomical portion of the 
muscle. The first group contains those units which seem to be 
exclusively concerned in blinking or in the initial movement of the 
corneal reflex: it is confined to the eyelids, and the greatest number 
of units lie in the innermost (pretarsal) portions. - There. is no 
evidence that the units of this group can take part in unilateral 
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Fic. 5.—Spontaneous blinking in the baboon. Records from the levator 
(upper continuous line) and the orbicularis (lower insert) during three 
blinks (a) to (c). The onset of each blink is marked x. At the point 
marked by the vertical arrow, a piece of the record corresponding to 
0.15 sec., during which no activity was observed in the levator, has been 
omitted in order to save space. 


The intervals between cessation of activity in the levator and the onset of activity in the 
orbicularis depend upon the latencies of the particular units selected for recording. In 
another series of records with different electrode positions no appreciable interval was 
seen. A 


activity. The units of the second group are concerned both with 
blinking and with the various kinds of sustained activity which have 
been described, their threshold in sustained activity being fairly high; 
these are found in the peripheral (preseptal) regions of both eyelids, 
and, in smaller numbers, in the superior orbital part of the muscle. 
The third group contains units which respond only in sustained 
activity; those of the lowest threshold lie in the preseptal regions of 
both lids, those of higher threshold in the orbital parts of the muscle. 
The units of the second and third groups can act unilaterally. 


In the movements of the eyelids which accompany upward or 
downward rotation of the eyeball, a small number of units of the 
second and third groups, just described, play a part: the muscular 
activity is very. small,,and Gowers (1879) believed that no such 
activity occurred.. It seems likely that, as Gowers suggested, the 
movement of the upper lid in such circumstances is mainly due to 
changes in the level of tonic activity in the levator. 


The movement of blinking calls for particular comment. The 
great majority of the motor units concerned discharge only brief 
volleys of impulses and at very. high frequencies. The maximal 
frequency of discharge in the human muscles which have previously 
been examined during voluntary contraction is believed to be about 
50 per sec., whereas frequencies up to 182 per sec. have been 
observed in the orbicularis during blinking; this is of the order of 
the highest frequencies of discharge observed by Reid (1949) in the 
cat’s extra-ocular motor neurones, under reflex drive. The extra- 
ocular muscles have a very brief contraction time (Cooper and 
Eccles, 1930), and this may also be true of the pale muscle-fibres 
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making up the pretarsal part of the orbicularis. This extremely rapid 
movement is capable of intermittence at very high frequencies, 
Walter (1941) having recorded voluntary blinking in man at a 
frequency of 390 per minute: the movement of this part of the 
muscle is also peculiar in that although it can be initiated‘ voluntarily, 
it cannot subsequently be modified voluntarily or sustained. The 
maintenance of the narrowed or closed position after a blink depends 
on the activity of units in other parts of the muscle and upon 
relaxation of the levator: if a conscious effort is then made to relax, - 
.a state of rest may be reached in which the eyes are lightly closed and 
no activity can be detected in the orbicularis, a state which presumably 
occurs during sleep. 


If it is accepted that the pathway for the corneal reflex is subcortical, 
then the act of blinking is likely to owe its inherent quality of inter- 
mittence to a subcortical mechanism also, since the discharges of 
motor neurones in blinking are similar to those of the same neurones 
in a corneal reflex. Nothing is known of the method by which such 
a subcortical mechanism is “ triggered ” in voluntary or involuntary 
blinking, but some of the results described above suggest that the 
first peripheral change to occur in a blink may be a partial relaxation 
of the levator rather than a contraction of the pretarsal part of the 
orbicularis. This occurred in about half the records made from the 
levator of a baboon (Fig. 5), and it is possible that a partial relaxation 
of the levator may explain the small and slow initial movement which 
occurs in optical records of the human upper lid during blinking 


(Fig. 1). The preliminary partial relaxation of an antagonist is not 
a recognized feature of muscular contractions, but it may have 
significance in this unusual movement in that it allows the orbicularis 
to contract from the start against a reduced resistance, and this 
would shorten the time during which vision is disturbed. 


SUMMARY 


(1) An electromyographic study has been made of the activity of 
the human M. orbicularis oculi. Three main functional groups 
of motor unit have been identified—those responding in blinking and 
in the corneal reflex, those responding both in blinking and in 
sustained activity, and those responding only in sustained activity. 


(2) There is considerable anatomical overlap between the distribu- 
tions of these three groups of motor unit. Those of the first group 
lie mainly in the pretarsal regions, and those of the second group 
mainly in the preseptal regions, while those of the third group extend 
from the preseptal to the orbital regions. 


(3) Particular attention has been given to blinking, and optical 
records have been made of this movement. In blinking, the units 
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of the first group discharge brief bursts of impulses at very high 
impulse-fréquency (up to 182 per sec. in a single unit): they seem to 
take part in bilateral movement only. Voluntary initiation of these 
discharges is possible, but they cannot be voluntarily graded or 
sustained. 


(4) The units of lowest threshold in the second and third groups 
(mainly preseptal) take part in voluntary or involuntary narrowing 
of the lids, in the slow component of the corneal reflex, and in tonic 
contractions of the lids in relation to vertical changes in ocular 
fixation. Units of higher voluntary threshold: (mainly orbital) take 
part in screwing up the eye: some of these latter units have a low 
threshold in complex movements like smiling. 


(5) The activity of M. levator palpebrae superioris has been 
studied in the anaesthetized baboon. Motor units in this muscle 
discharged at frequencies between 15 and 50 impulses per sec. when 
the eyes were open, this discharge being promptly inhibited when a 
blink occurred. In about half the records, a drop in frequency 
occurred 35-85 msec. before the blink; this is discussed. 


I am very grateful to Dr. J. A. V. Bates for introducing me to an optical technique 
for recording eyelid movement similar to the one which I have used. I would also 
like to thank Mr. P. Philbin for his technical assistance. 
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IN VIVO EXAMINATION OF THE LENS BY 
THE PHASE-CONTRAST MICROSCOPE* 


BY 


J. FRANCOIS Anp M. RABAEYt 
From the Ophthalmological Clinic, University of Ghent 


IT has always been a difficult problem to render visible the micro- 
scopical detail of transparent material immersed in a fluid of similar 
refractive index. This difficulty has now been largely overcome by 
the phase-contrast microscope introduced by the Dutch physicist 
Zernike between 1934 and 1942. 

_ When rays of light pass through transparent cells in an aqueous 
medium they acquire slight phase differences which are so small that 
the observed differences in intensity are negligible under ordinary 
conditions. The principle of the phase-contrast microscope} depends 
upon the introduction of a phase plate“into the focal plane of the 
objective which converts these slight differences of phase into 
appreciable changes in intensity. 

This technique is of value in the examination of the lens, for the 
tissues may be studied in their natural and living state without 
alteration by the vigorous action of fixation and staining. This 
preliminary report is intended tc emphasize the value of this new 
method and to give an account of some of the findings. 

The lens capsule itself is seen as an entirely homogeneous and 
structureless membrane, but the subcapsular epithelium is of 
particular interest. 

The epithelial cells of a human cataractous lens are seen to be well 
arranged with distinct nuclei (Fig. 1: human cataractous lens 
epithelium). Two types of cell may be distinguished: one pale 
and polyhedral, and the other dark and star-shaped, with protc- 
plasmic prolongations which extend between the pale cells. Both 
types of cell were seen in all specimens of lens epithelium examined. 

The lens epithelium under a higher magnification (Fig. 2: normal 
lens epithelium) shows very clearly defined homogeneous nuclei 
with well demarcated nucleoli. It is interesting to note that the 
. granularity seen in the nucleus in fixed and stained specimens is 
probably due to coagulation of the cell. At this magnification the 





* Received for publication January 25, 1951. 
+ In receipt of a grant from the Belgian National Fund for Scientific Research. 


+ The phase-contrast microscope used in our investigations was made by Wild and Co., Heerbrugg, 
Switzerland. It is supplied with four “ phase ” objectives (Ph 7,0.20; Ph 20/0.45; Ph 40/0.66; Ph 85:1.25 
immersion), and three oculars (5x, 7x, and 10x). 
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Fic. 1.—Epithelial cells 
of human cataractous lens 
well arranged with distinct 
nuclei. Two types of cell 
may be seen ; one pale 
and polyhedral, the other 
dark and_ star-shaped. 
Phase-contrast photo- 
micrograph. Objective 40. 
Ocular «8. 





Fic. 2.—Normal lens epi- 
thelium under a ‘higher 
magnification showing 
clearly defined homogene- 
ous nuclei with well de- 
marcated nucleoli. The 
star-shaped cells and small 
vacuoles are clearly vis- 
ible. Phase-contrast 
photomicrograph. Ob- 
jective 85. Oil immersion. 
Ocular «8. 





star-shaped cells were clearly visible and small vacuoles were 
noted around the nuclei in both types of cell. 

In the peri-nuclear area of almost all the polyhedral cells a large 
number of regular granulations was seen (Fig. 3). They varied 
in quantity but were present in all the preparations: more granu- 
lations were present where the star-shaped cells were scanty. 

In the lenses from cattle used in the experiment there was seen a 
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Fic. 3.—Polyhedral cells 
showing a large number of 
regular granulations in 
peri-nuclear area. Phase- 
contrast photomicrograph. 
Objective 85. Oil immer- 
sion. Ocular <8. 








Fic. 4.—Transforma- 
tion of epithelial cells - 
into lens fibres. Nuclei 
arranged in regular 
rows. Numerous star- 
shaped cells are seen. 
Phase -contrast photo- 
micrograph. Objec- 
tive 40. Ocular x8. 





markedly increasing vacuolization in the cells. In some cases the 
smal] vacuoles had coalesced within the cytoplasm leaving only the 
cell membrane remaining. It is, therefore, evident that this process 
precedes the death of the cell. 

The transformation of the epithelial cells into fens fibres was 
studied in the pig lens (Fig. 4). Here again, numerous dark, star- 
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shaped cells were distinctly seen. The nuclei were found to be 
arranged in regular rows where lens fibres were developing. Note the 
undulating lines crossing the developing lens fibres perpendicularly. 

Hasty conclusions should not be drawn but one may assert that 
the phase-contrast microscope shows two kinds of cell in the lens 
epithelium, i.e., the pale, polyhedral cells and dark, star-shaped cells. 
Attention, however, should be drawn to the presence of the granula- 
tions which were regularly observed. Such granulations have been 
noted previously and named plastosomes or chondriosomes (Busacca, 
1925, 1927). There is reason to believe that these granulations have a 
well-defined structure and that they are connected with enzymatic re- 
actions. They are thus extremely important, not only in the meta- 
bolism of the cell itself but also in relation to the surrounding tissue. 
Nadi-positive granulations (oxydase) were demonsirated in the 
epithelial cells of the lens by Rauh (1933). 

It is also pointed out that the phase-contrast microscope demon- 
strates particularly well the vacuolization of the cells which progresses 
to their final disintegration. 
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APPEARANCE OF FLUORESCEIN IN THE 
AQUEOUS OF GLAUCOMATOUS EYES* 


BY 


S. J. H. MILLER anp H. SWANLJUNG 
Institute of Ophthalmology, London. 
Director of Research, Sir Stewart Duke-Elder 


Eurwicu (1882) showed that fluorescein can enter the eye across the 
blood aqueous barrier. Wessely (1950) noted that the difference in 
concentration of the dye in the blood and aqueous was marked. 
Hertel (1929) was able to delay the appearance of fluorescein in the 
anterior chamber by increasing the blood proteins, and Yoshida (1929) 
postulated that the concentration in blood and aqueous was 
approximately equal if the protein-bound fluorescein in the former 
were disregarded. Goldmann (1949), using more exact methods, 
computed the aqueous concentration as 10 per cent. of the amount 
found in an ultra-filtrate of the blood. Thiel (1922) applied the test to 
man, and Sallmann and Deutsch (1930) showed that it appeared 
after intravenous injection in healthy as well as inflamed eyes. A 
quantitative method of estimating the concentration of fluorescein in 
the anterior chamber was developed by Amsler and Huber (1946), 
Huber (1947b), Stocker (1946), and Goldmann (1949), and experi- 
ments have been carried out to discover which drugs affect the 
entrance of fluorescein into the eye by Haefeli (1946), Stocker (1947), 
Amsler and Huber (1947, 1949), Huber (1947a), Simonelli (1948—49), 
and various others (see Davson, 1949). 

Amsler and Huber (1946) found that in cases of glaucoma as 
compared with the normal eye, the rate of entry and final concentra- 
tion of fluorescein in the eye was slightly increased in chronic 
glaucoma simplex, more so in acute congestive glaucoma, and most 
in glaucoma secondary to iridocyclitis. 

The present paper describes an investigation concerning the entry - 
of fluorescein into the anterior chamber of the eyes of patients with 
glaucoma; at the time of testing special attention was paid to the 
phasic variations in the tension (which may be steady, rising, or 
falling) so characteristic of this disease. The details of measuring 
these phases of the ocular tension have been fully described by 
Thomassen and Leydhecker (1950). 

Cases of glaucoma were divided into two main groups, congestive 
and simple: the former characterized by haloes, a narrow chamber 


* Received for publication March (0, 1951. ee 
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angle, full fields, and an absence of cupping, and the latter by the 
absence of haloes, contracted or scotomatous fields, and pathological 
cupping of the optic disks. 

METHOD 

Many of the patients were examined before any form of therapy was begun, but those 
who were using miotics withheld them for a minimum period of 24 hours. The patient’s 
intra-ocular tension was taken half-hourly with a Schidtz tonometer, using pantocaine 
1 per cent. as an anaesthetic. Theoretically, it is desirable to take the first fluorescein 
curve while the intra-ocular tension remains steady and to repeat it some days later 
when the tension is rising or falling. This may require several attendances, lasting 
6 to 8 hours at a time, in order to obtain fluorescein tests in each of the three phases 
of tension. This ideal therefore was often impracticable. 

When two or more readings on the Schiétz tonometer indicated that the tension was 
passing through a definite phase, 2 ml. 10 per cent. fluorescein were injected intra- 
venously and the appearance of the dye in the anterior chamber awaited. The patient 
was examined by a Haag-Streit slit lamp, so arranged that a standard beam of light 
entered the eye at an angle of 45° with the binocular microscope. The lamp was 
connected with a variable resistance through an ammeter. With this technique the 
fluorescein appears to enter the aqueous from behind the pupil and is seen lying at first 
in front of the anterior capsule of the lens and later diffused homogeneously throughout 
the anterior chamber. At first the fluorescein is in low concentration and a relatively 
bright beam (4 amps or more) is required to visualize the green flare, but as more dye 


enters the eye the concentration increases and less light is required to see it. In practice, 
the resistance is increased to dim the intensity of the slit-lamp beam until the green flare 


is just invisible. A reading is then taken on the ammeter and the time noted. This 
process is repeated at 4- to 5—minute intervals for half an hour, and the tension is 
retaken at the end of the test. The method is the same as that of Amsler and Huber 
(1946). 

The green colour in the slit lamp beam can be seen only against the dark background 
of the pupil and cannot be discerned in front of the iris. This factor makes it impossible 
to be certain how the fluorescein enters the anterior chamber—from the iris itself, or 


from behind this structure. But in cases with a broad iridectomy in which the ciliary 
processes can be seen with the gonioscope, the dye does not appear to be concentrated 


in the immediate vicinity of the ciliary body. 


RESULTS 


Figs 1-6 are taken from 200 curves in fifty patients, Figs 1, 2, and 3 
from cases of simple glaucoma, and Figs 4, 5, and 6 from cases of 
congestive glaucoma, in steady, rising, and falling phases respec- 
tively. It can be seen at once that there is no difference in the 
distribution or spread of the curves between the two types of 
glaucoma nor between those taken in the three phases of tension. 
Most of the curves are within normal limits as defined by Amsler 
and Huber (shown as a dotted area in the charts), although a few 
are found above their upper limit. 

The factors which determine the rate of entry of fluorescein into 
the eye, and the degree of its final concentration, remain unknown. 
There is no correlation in these individual cases between the height 
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Fic. 1.—Fluorescein curves from cases of simple glaucoma. Intra- 
ocular tension steady throughout the test. 


10 1S 20 


Fic. 2.—Fluorescein curves from cases of simple glaucoma. Intra- 
ocular tension rising throughout the test. 


10 415 20 


Fic. 3.—Fluorescein curves from cases of simple glaucoma. Intra- 
ocular tension falling throughout the test. 
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Fic. 4.—Fluorescein curves from cases of congestive glaucoma. Intra- 
ocular tension steady throughout the test. 


1S 20 


Fic. 5.—Fluorescein curves from cases of congestive glaucoma. Intra- 
ocular tension rising throughout the test. 


15 20 


Fic. 6.—Fluorescein curves from cases of congestive glaucoma. Intra- 
ocular tension falling throughout the test. 
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and form of the fluorescein curve and the mean ocular tension during 
the test, the sex, age, duration of symptoms, systemic blood pressure, 
or the extent of the glaucomatous process. 


25 


Fic. 7.—Three pairs of curves from a case of simple glaucoma taken 
on three different days during steady, rising, and falling phases of tension. 


Se cages mr me el 

7280 Rig Gem joing Ra Esa ati 

Examples of curves from a case of simple glaucoma taken during 
steady, rising, and falling phases are given in Fig. 7. There is little 
difference in the level or shape of the three pairs of curves, and it is 
also worth noting that, although this patient had unilateral glaucoma 
affecting the right eye only, there is little difference between the curves 
taken from either eye in each test. Haefeli (1946) noted this finding 
in his series of tests on normal eyes. This may mean that glaucoma 
simplex does not influence the entry of fluorescein into the eye; 
alternatively, any effect is binocular, or is uni-ocular and transmitted 
to the other eye in some unknown way (Davson and Quilliam, 1947). 


3 


15 20 


Fic. 8,—Three pairs of curves from a case of congestive glaucoma taken 
on three different days during steady, rising, and falling, phases of tension. 
10.10.50 Right — 28 mm. Hg | greag 
Left — 28 mm. Hg _{ S*°40Y 


26. 9.50 Right — 32 to 36 mm. Hg soe 24.10.50 Right — 38 to 32 mm. Hg 1 : 
Left — 30 to 36 mm. Hg } rising Left — 70 to 64mm. Hg _f “ling 


In Fig. 8 are given examples of curves from a case of bilateral con- 
gestive glaucoma, who complained of haloes, aching of the eyes, and 
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mistiness of vision; she had narrow chamber angles and full peri- 
pheral and central fields without cupping of the optic disks. 
Permeability curves were taken on separate days during steady, 
rising, and falling phases; little difference was seen in height or shape. 


EFFECT OF Miorics (fifty sets of curves).—In 25 patients (fourteen 
with simple, eight with congestive, and three with secondary 
glaucoma), raised fluorescein curves were seen after the use of miotics 
(eserine or pilocarpine). The extent of the difference depends upon 
the interval between the exhibition of the miotic and the test, and 
also upon the strength of the drug used. A typical result is shown 
in Fig. 9. 


15 20 
Fic. 9.—Fluorescein curves from a case of simple glaucoma. 
Lower curves before treatment with pilocarpine 1 per cent. drops t.i.d. 
Upper curves after treatment. 
EFFECTS OF OPERATION.—No significant difference was found 
between the levels of the fluorescein curves in 21 patients who were 
tested before and after operation.* 

As it is impossible to test patients before an acute attack of 
congestive glaucoma for comparison with a post-operative test, a 
series of thirteen patients who had had a broad iridectomy performed 
in one eye for acute glaucoma was examined. Eight showed a raised 
fluorescein curve in the operated eye and a.normal curve in the other 
eye; five showed no significant difference between the height of the 
curves of the two eyes. There was no relationship between the 
length of the pre-operative acute attack and the level of the post- 
operative fluorescein curve. 

It may be asked if glaucoma ever affects the entry of fluorescein 
into the eye. Among 250 fluorescein tests in cases of glaucoma there 
were only eleven (Cases 1-11) in which a significant difference 
was seen in the height of the curves of the two eyes. Four were 
cases of secondary glaucoma (Cases 1-4), three of congestive 


* The operations concerned were sclero-corneal trephining, iridencleisis, and Preziosi’s cautery puncture. 
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TABLE SHOWING RESULTS 
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F—Full; D—Defective; N—Narrow; M—Medium; B—Broad. 
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IN FOURTEEN CASES 
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glaucoma, two having had acute congestive attacks before the 
test (Cases 5-7), and one was a case of absolute glaucoma 
Case 8). Of the remaining three, two may have been secondary 
(Cases 9, 10, and 11). Details of these and the three following 
cases are given in the Table (pp. 362-3). 

On the other hand, cases of secondary glaucoma do not invariably 
have a high fluorescein curve (Case 12); congestive attacks do not 
always confer a high curve on the affected eye (Case 13); nor does 
absolute glaucoma always produce a raised curve (Case 14). 


2 


INUTES 
Fic. 10,—Fluorescein curves from a case of secondary glaucoma (Case 1). 
Right — 28 mm. Hg ‘ 
Left — 47 to 51 mm. Hg 
Fig. 10 shows the result of the fluorescein test on Case 1. The 
patient had suffered every three or four years from bilateral iritis, 
associated with spondylitis. The abnormal fluorescein curve is that 
of the right eye, which was found to be normal apart from a few 


pigment tags from the iris on the anterior capsule; the curve lying 
within the norma) range is that of the left eye, which had marked 


constriction of the field, definite cupping, vision reduced to 6/36, and 
a tension of 43 mm. Hg Schidtz. 


CONCLUSIONS 


(1) The fluorescein test is of no diagnostic value. in simple or 
congestive glancoma. 

(2) The entry of fluorescein into the eye across the blood aqueous 
barrier is uninfluenced by the spontaneous changes in tension so 
characteristic of both these types of glaucoma. 

(3) Fluorescein enters the eye more readily in the presence of active 


iridocyclitis irrespective of the presence or absence of glaucoma. 
The fluorescein test may, therefore, be useful in distinguishing 


secondary glaucoma from other varieties. 
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(4) When the iridocyclitis ceases to be active the fluorescein curve 
may revert to normal levels so that the test is of little value in 
diagnosing glaucoma secondary to inactive iridocyclitis. 

(5) Fluorescein enters an eye under the influence of miotics more 
readily than a normal eye. 

(6) Filtering operations have no permanent effect on the entrance 
of fluorescein into the aqueous of glaucomatous eyes. 


(7) An acute attack of congestive glaucoma and absolute glaucoma 
may or may not have a permanent effect on the entry of fluorescein 
into the eye across the blood aqueous barrier. 


Our thanks are due to Miss Brown, secretary of the Clinic at the Institute of 
Ophthalmology, and to the surgeons of the Moorfields, Westminster and Central 
Eye Hospital who kindly referred their cases. 
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CARCINOMA OF THE LACRIMAL SAC* 


BY 
N. ASHTON, D. P. CHOYCE, anp L. G. FISON 


Institute of Ophthalmology, and Moorfields Westminster and 
Central Eye Hospital, London 


BOTH benign and malignant .primary tumours of the lacrimal sac 
are uncommon. Penman and Wolff (1938) give an analysis of 
64 cases, including one of their own, and since that date further 


cases, nine of which are detailed in Table I, have appeared in the 
literature. 


TABLE I 


ANALYSIS OF CASES OF PRIMARY TUMOURS OF THE LACRIMAL SAC 
REPORTED BETWEEN 1938 AND 1950 


| 
Aee| Duration | | Pathology | Treatment and Remarks 
} } 


| 
Mixed-cell Excision and radium implant. 





Year| Authors lous 
| 








Se 
1939 wt | M | 54 ‘6 month 






































{ 
| 
| | tumour of | No recurrence after 10 
| salivary type | months 
| | 
1940 | Spratt M | 66 5 years | Epidermoid | Exenteration of orbit and 
carcinoma | x-ray therapy 
| ' 
1947 | Florentin ? | 2 | te Naevo- 
and Poirot | | carcinoma 
| 
1947 LOuekevate M | 49 | ? Reticulo- | Generalized _reticulo- 
| and Landoni | | sarcoma sarcomatosis 
| | | 
1947 ee | | F | 79 | x | Epithelioma | Concurrent tumour of skin of 
| | | | | temporo-malar area and 
| | lacrimal sac. _ 
Treated with radium. Good 
| | | | Tesult after one year 
, | { f | 
\ t | | i 
1948 | Vrabec eo We Ba ? | Epithelioma | 
H piss 
1949 Nichelatti | F | 16 ‘aenpeel Sarcoma | X-ray therapy, preceded by 
ise | | biopsy. No sign of recur- 
| rence two years later 
| | “ 
1949 Barton F | 35 1 year | Basal-cell Excision and deep x rays. 
carcinoma Later exenteration of orbit 
1949 Toselli | M 55. 2 years | Plasmoma - Excision 








* Received for publication March 12, 1951. 
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Penman and Wolff grouped the cases according to the histological 
diagnosis and, although it is not very satisfactory to include in one 
table pathological ‘opinions from different sources, the nine recent 
cases have been added to their list and regrouped into epithelial and 
non-epithelial tumours (Table II). 

' TABLE Il 


73 CASES PUBLISHED UP TO 1950 











] 
Epithelial | Non-epithelial 
| 

Carcinoma | 27 | Fibroma 2 
Papilloma 7 Sarcoma bs | 22 
Epithelioma P2 | Endothelioma ... 4 
Adenoma 1 | Lymphoma 5 
** Mixed ” tumour | 1 | Plasmacytoma ... | 2 

- Totals 38 | 35 











Epithelial neoplasms, therefore; appear to be slightly more 
common than the non-epithelial and when it is realized that the 
diagnoses of “carcinoma”, “papilloma”, and “ epithelioma ” 
probably represent different stages of cylindrical-celled carcinoma, as 
we shall subsequently show, it will be seen that they form about 
50 per cent. of all reported cases. The reasons for this opinion are 
based upon a clinical and pathological 
study of two recently encountered cases 
which represent primary tumours of 
epithelial origin but of differing degrees 
of malignancy. 


CASE REPORTS 


Case 1.—J. R., male, aged 46 years, van-driver, first 
noticed watering of the right eye. The tear duct had 
previously been syringed elsewhere, but he had felt 
no fluid pass through. After a month or two he 
became aware of a lump growing at the right inner 
canthus, and he came to Moorfields four months later. 
Examination revealed a large cystic swelling 
closely resembling a mucocele of the lacrimal sac, 
but no mucus regurgitated on pressure. There was 
moderate epiphora. In July, 1949, a large thin- 
6s oii ieee walled sac was removed. When the sac was opened 
IG. 1—Case 1. Drawing o id ok . 
the open sac showing a poly- a polypoi growth was found hanging from the upper 
poid growth hanging from the pole (Fig. 1). The wound healed well but the 
upper pole. lacrimal passages on this side are still not patent. 
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Pathological Findings.—Soft polypoid tumour measuring 32 x 15 x 11 mm. 

Sections show a well-differentiated papillary tumour consisting of a richly-cellular, 
greatly-thickened cylindrical epithelium, in which numerous goblet cells and small 
retention cysts may be seen (Fig. 2). The epithelium, which consists of elongated 
fusiform cells (Fig. 3), proliferates inwards into the loose fibrous stroma in the centre 
of the tumour, and this ingrowth is particularly evident in the depths of the many 
irregular crypts (Fig. 2). The epithelium does not appear ciliated. The histological 
picture is that of a cylindrical-celled carcinoma of low-grade malignancy .arising from 
the epithelial lining of the lacrimal sac. 


Fic. 2.—Case 1. Cylindrical-celled carcinoma of low-grade malignancy. 
Papillary tumour consisting of greatly thickened cylindrical epithelium 
in which numerous goblet cells may be seen. Note that the epithelium 
proliferates inwards into the loose fibrous stroma in the centre of the 
tumour. Compare with Fig. 6. Masson stain x 39. 


When the patient returned in January, 1951, no recurrence of the growth could de 
seen. He went on driving a van, and complained that his right. eye was inclined to 
water only at the end of a long day of driving. It is perhaps worth emphasizing the 
minimal disability suffered by this patient although no communication exists between 
the conjunctival sac and the nose. 


Case 2.—Y. S., female, aged 63 years, first attended Moorfields in July, 1949, 
complaining of a recurrent swelling at the inner angle of the left eye for the preceding 
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Fic. 3.—Case 1. High- 
power view showing the 
rich cellularity of the 
epithelium which con- 
sists of elongated fusi- 
form cells. Compare 
Fig. 7. Masson stain 
x 122... 


few weeks. There was a yellowish discharge from the inner canthus, but very little 
watering and no pain. 

Examination revealed a firm cystic swelling about 1 cm. square just below the inner 
canthus. Pressure on the swelling made a small amount of yellow fluid regurgitate 
from the lower punctum. On syringing, the left naso-lacrimal duct was not patent. 
A diagnosis of left mucocele was made and:a dacryocystectomy carried out under local 


anaesthesia. "Unfortunately the specimen was lost and its histological structure 
cannot be recorded. 

The wound healed normally, but in January, 1950, the patient returned with -a 
further swelling in the same site. The tumour was now discharging pus into the 
overlying skin, and epiphora had increased, but still there was no pain. As the 
discharge and swelling persisted, a diagnosis of infected residual sac tissue was made. 


In August, 1950, she underwent a further left dacryocystectomy under general 
anaesthesia. Occupying the lacrimal fossa was a firm mass, indistinguishable from 
a lacrima] sac, and firmly adherent below and in front. 


Pathological Findings.—Firm solid mass measuring 14 x 10 x 6 mm. 

Sections show the tumour to consist of irregular masses of hyperchromatic cylindrical 
cells lying in a dense fibrous stroma lightly infiltrated with lymphocytes. Numerous 
goblet cells may be seen and in many areas these have distended to form cysts of 
varying sizes containing granular mucinous material. Within the larger cysts the 
epithelial cells have proliferated so as to impart a glandular appearance comparable 
with that of intra-duct carcinoma (Fig. 4). Mitoses are few but the growth is 
obviously malignant and it extends in all directions to the limits of the section. _In its 
relatively solid areas the neoplasm is more squamous in type (Fig, 5). The noe! 
picture is that of a highly malignant cylindrical-celled carcinoma of the lacrimal sac. 


In view of these findings the patient’s skull was x-rayed, with negative results, and 
she was referred to the ear, nose, and throat surgeon, Mr. G. H. Howells, who did not 
detect any neoplasm in the nasal or para-nasal cavities. 
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Fic. 4.—Case 2. Highly malignant cylindrical-celled carcinoma of 
lacrimal sac. Within cysts of varying sizes the epithelial cells have 
proliferated, imparting a glandular appearance comparable with that 
of intra-duct carcinoma. Masson stain x 84, 
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Fic. 5.—Case 2. Cylindrical-celled carcinoma. In its ‘telatively solid 
areas the neoplasm is more squamous in type. Note the small cystic 
spaces which have developed from goblet cells. Compare with Fig. 8. 
x 160. 
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Fourteen days after operation there was already a fresh, firm swelling present 
beneath the lower part of the recent incision. In view of the patient’s poor general 
condition it was considered that further surgery was to be avoided if possible and she 
was sent to the eye clinic at the Royal Cancer Hospital. In December, 1950. 
Dr. M. Lederman kindly supplied the following note: 


The patient has had 5,600r in 47 days. The swelling shows considerable reduction 
but has not entirely disappeared. She is being kept under observation and if the 
growth shows signs of increasing, further surgical intervention may be undertaken. 


DISCUSSION 


Both from the clinical and pathological points of view these two 
cases form an interesting contrast. In the first case, an apparent cure 
followed a straightforward dacryocystectomy, and this benign 
outcome was in accord with the histological findings of low- 
malignancy. In the second case, the neoplasm was much more 
malignant, and may have been provoked into further activity by 
incomplete removal. 

Spratt (1940) has emphasized other writers’ unanimous testimony 
that diagnosis is not possible in the first stage of the disease, because 
epiphora is the only symptom. In the second stage of swelling a diag- 
nosis can be made. The presence of a round, hard mass, not reduced 
by pressure, especially if irrigation shows a patent duct, is indicative 
of thickening of the wall of the lacrimal sac rather than of a mucocele. 
In the third stage, when invasion of the lids and orbit has occurred, 
diagnosis becomes obvious. It is only in this stage that pain has 
been reported. The existence of Spratt’s. second stage may well be 
questioned, because it is unlikely that syringing would be successful 
in the presence of swelling and epiphora. Theoretically, one might 
have expected our first case, in which the polypoid tumour was 
suspended from the fundus of the sac, to have shown a patent duct 
on irrigation, for the growth could have caused epiphora and yet 
have been pushed aside by the lacrimal cannula, but actually syringing 
was never successful. Our second case should perhaps be classified 
somewhere between Spratt’s second and third stages. The fact that 
the duct was not patent could be explained by the site of the tumour, 
near the outlet from the sac or from the top of the naso-lacrimal duct 
itself, or from an oedematous obstruction due to superadded 
infection. 

From the pathological point of view it is of interest and importance 
to note that exactly similar tumours arise from the respiratory 
epithelium in the nasal and para-nasal cavities. This similarity, so 
far as we can ascertain, has not yet been sufficiently emphasized, but 
it is important, because the nasal tumours, although uncommon, are 
less rare than the corresponding growths in the lacrimal sac. There- 
fore attention to the natural history of these nasal tumours can 
perhaps help to explain the malignant potentialities of those arising 
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in the lacrimal sac, where their rarity is an obstacle to complete 
assessment. . : 

This similarity had previously been noted by Muirhead (1933), who 
reported a case of lacrimal-sac carcinoma: 

the section shows a transitional cell carcinoma, which is very similar in appearance 
to an antral tumour. 

Verhoeff described the histological findings in a case reported 
by Spratt (1940), as follows: 

. . . in a few places in the,section there are remains of normal ciliated epithelium 
of mucous membrane, Such tumours may arise from accessory sinuses. 

The illustrations of the histology in this article are exactly similar 
to those of our first case (Fig. 2). From an examination of two cases 
of polypoidal formation in the lacrimal sac, Tooke (1912) came to 
the conclusion that polyps of the tear sac, as in the nose and accessory 
nasal cavities, are evidence of hyperplastic growth or actual tumour 
formation which may possibly be due to a pre-existing inflammation. 


NASAL TumourS.—These have been fully described by Kramer and 
Som (1935) and Ringertz (1938), and more recently by Lucas (1951). 
Kramer and Som collected a total of 81 cases from the literature, to 
which they added five of their own. They refer to the tumours as 
papillomata, a name criticized by Ringertz and Lucas; 70 per cent. 
of the cases were males and the tumours appeared at all ages but 
most commonly in the fourth decade. The experience of Ringertz 
(1938) was based on 111 cases of nasal papillomata, and his material 
showed that it is most convenient to divide them into two types, 
differing not only as regards their variety of epithelium but also in 
their architecture. The first type is composed of purely cylindrical 
epithelium, or of a transitional form between cylindrical and 
squamous, and is constructed quite differently from the ordinary 
papilloma of the skin. The second type has squamous epithelium 
and closely resembles the ordinary skin papilloma. It is the papillo- 
mata with cylindrical or transitional epithelium which correspond to 
the lacrimal-sac tumours. Ringertz reported 27 of these cases and 
pointed out that they should not ‘be called papillomata, for the 
epithelium develops inwards, ‘in contra-distinction to the true 
papilloma, in which it proliferates outwards. That is to say, they 
have an inverted papillary structure (Fig. 6). He called them 
** solid cylindrical carcinoma ” and described three histological types: 

(1) typical cylindrical-cell carcinoma; 

(2) cylindrical-cell carcinoma with squamous metaplasia; 

(3) de-differentiated cylindrical-cell carcinoma. 

Of the 27 cases reported, five showed local recurrences, metastasis, 

and local recurrence occurred in four cases, and metastasis only in 
four cases. The metastases occurred in both lymph glands and organs. 
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Fic. 6.—Solid cylin- 
drical-celled carci- 
noma of 


pare Fig. 2. Haem- 
atoxylin and eosin. 
x 104. (By courtesy 
of Dr. H. Lucas). 


Fic. 7.—High-power 
view of Fig. 6. Note 
the cylindrical cells 
proliferating to form 
a greatly thickened 
epithelium. The pic- 
ture is identical with 
that of the lacrimal- 
sac tumour. Com- 
pare Fig.3. Haem- 
atoxylin and eosin 
x 147. (By courtesy 
of Dr. H. Lucas). 
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In the series of 22 cases reported by Lucas (1951), the youngest was 
aged 22, and the oldest 77, with an average of 53 years. There were 
three females and nineteen males. The most common clinical 
manifestation was unilateral nasal obstruction with polypoid growth, 
which may be extensive and even protrude from the affected side. 
The growths usually arose from the nasal mucosa at a point between 
the ethmoid and antrum, whence they may extend into the ethmoid 
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cavity or the antrum or both. According to Lucas, the lesion begins 
as a widespread change in the respiratory epithelium, which undergoes 
metaplasia to a cylindrical type of cell. These cells are elongated, 
rather deeply staining and crowded together in palisade formation, 
resting on a basement membrane (Fig. 7). As the ‘cells undergo 
de-differentiation they lose their cilia and their power to form mucous 
globules. This epithelial proliferation extends down into the ducts 
and mucous glands, and the growth is continued by an infolding of 
the epithelium into it own stroma (Fig. 6), so that solid masses of 
epithelium are gradually formed. This description conforms exactly 
with that of Ringertz. The cylindrical-epithelium may then undergo 
squamous metaplasia and closely resemble a squamous-cell carcinoma 
(Fig. 8). The third type of growth, the de-differentiated cylindrical- 
cell carcinoma, did not occur in Lucas’ series. Lucas agreed with 
Ringertz that the term papilloma should not be applied to these 
tumours, not only because their structure and mode of formation is 
different but also because such a name implies an innocent stage in 
their development, whereas they are probably malignant from the 
onset, varying only in the degree of their malignancy and cor- 
responding clinical course. 


TUMOURS OF THE LACRIMAL SAC.—It will already be clear from the 
above descriptions that we are here dealing with a tumour which is 
identical histologically and developmentally. Nor is this surprising, 
for it will be remembered that in the embryo the lining of the sac 
and the respiratory epithelium develop along parallel lines. 

As Spratt (1937) pointed out, the normal lining of the lacrimal sac 
is composed of cylindrical cells. Repeated irritation, due to chronic 
inflammation, may cause this membrane to become thickened and 
to form several layers of cells which change to the squamous variety. 
Consequently sections may show the cylindrical, transitional, or 
squamous-cell type. The histology of our first case is exactly 
comparable with the early lesion in the nose, as a comparison of 
Fig. 2 with Fig. 6 and Fig. 3 with Fig. 7 will show. The second case 
is comparable with the “ de-differentiated cylindrical-cell carcinoma” 
of Ringertz and shows also squamous metaplasia (compare Fig. 5 
with Fig. 8). 

It seems probable that all primary malignant epithelial tumours of 
the lacrimal sac arise in the same way, and that the different histo- 
logical descriptions in the literature may be attributed to its varying 
developmental phases. Thus “carcinoma”, “ papilloma”, and 
“‘ epithelioma ” were probably all examples of solid cylindrical 
carcinoma. In this connection the comments of Pasetti (1913) are 
of interest: 


From what we were able to learn from these few observations of epithelioma of the 
lacrimal sac, all have been made up of cylindrical cells. All have exhibited marked 


malignancy. Recurrence is frequent. 
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Fic. 8.—Solid cylindrical-celled: carcinoma of nasal cavity. The 
cylindrical epithelium has undergone squamous metaplasia. Compare 
Fig. 5. Haematoxylin and eosin x 138. (By courtesy of Dr. H. Lucas). 


We have, therefore, seen by analogy with the nasal tumours that 
the primary epithelial growths of the lacrimal sac are probably all 
of the same nature, and that although they may appear benign 
histologically, they possess malignant potentialities of varying degree, 
and there is a strong tendency to recurrence. It is, therefore, clear 
that all nasal polyps and lacrimal tumours should be subjected to 
careful histological examination even if the clinical findings do not 
suggest malignancy. 
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SUMMARY 


(1) Since the publication of the analysis of 64 reported cases of 
primary tumours of the lacrimal sac (Penman and Wolff, 1938), 
nine further cases have been found in the literature, and an analysis 
of the whole 73 cases shows that about 50 per cent. fall into the 
“ papilloma-carcinoma ” group. 

(2) Two further cases of carcinoma of the lacrimal sac are reported. 


(3) It is pointed out that the histology of these tumours is identical 
with that of solid cylindrical-cell carcinoma arising from the 


respiratory epithelium in the nasal and para-nasal cavities. 
(4) The pathology of carcinomata of the nasal cavities and of the 


lacrimal sac have, therefore, been considered together, and the 
following conclusions reached : 


(a) The term “ papilloma” as. applied to these growths should be 
abandoned, since their mode of formation and structure differs from that 


of a true papilloma. 
(b) “Papillomata” arising from the lacrimal-sac epithelium are 


probably malignant from the beginning, as in the nose, and gradually or 
or rapidly progress to more obviously malignant cylindrical-cell carcino- 


mata, a term which is, therefore, applicable to the whole group. 

(5) The necessity for carrying out careful histological examination 
on all lacrimal tumours, even if the clinical findings do not suggest 
malignancy, is emphasized. 


We are indebted to Mr, F. W. Law and to Mr. J. H. Doggart for permission to 


publish Cases 1 and 2 respectively. We are grateful to Dr. P. Hansell and Dr. H. Lucas 
for the photomicrographs, to Dr. M. Lederman for his note on the radiotherapy, and to 


Miss J. Trotman for the drawing of the polypoid growth. 
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CASE NOTES 


PARTIAL RESECTION OF THE UPPER EYELID 
AND ITS REPAIR* 


BY 
SABRI KAMEL 


Memorial Ophthalmic Laboratory, Giza, Cairo 


Cases that need partial resection of the upper or lower eyelid for 
lesions requiring surgical removal are not often encountered in daily 
practice. The plastic repair of the defects remaining after resection 
is not easy, especially when the lesion occupies half the lid or more, 
and is moreover located in the upper lid. The following operative 
procedure, first advocated by Wheeler (1939), and modified by 
Reese (1944), can be used to repair a defect involving the entire lower 
lid, though it is not adequate to repair more than one half of the 
upper lid. 


CASE REPORT 


Y.H.A., 55 years of age, works as an Imam of a mosque; he was referred to the Giza 
Memorial Ophthalmic Laboratory from Esna Ophthalmic Hospital, on October 22, 
1950, for the treatment of a tumour of the right upper tarsus suspected to be malignant. 
The condition, according tothe patient, had started 8 years before as a small swelling 
in between the lashes of the middle of the right upper lid. The swelling had been 
removed twice but recurred after each removal, and had continued to grow until it 
reached its present dimensions. ‘No specific history was given by the patient. 
Examination.—Left eye normal, with uncorrected vision 6/18. Right globe normal, 
with uncorrected vision 6/24. A swelling in the centre of the upper lid occupied more 
than half the breadth of the lid and all its length (Fig. 1). Externally it was lobulated 
and hard, and the skin, although tense, was not infiltrated. The swelling was about 
2 cm. in height, by 1.25 cm. in breadth, by 0.75 cm. in thickness, When the lid was 
everted, the tumour was seen to occupy the whole length of the tarsus, including the 
lower border of the lid (Fig. 2), and the conjunctival surface was also lobulated in a 
cauliflower appearance. The tumour occupied the middle of the lid, leaving less than 
one-quarter of the breadth unaffected on each side. One small submaxillary lymph 
node was palpable on the right side. The condition was considered clinically malignant, 
and it was decided that complete removal of the tumour mass was necessary. 
Operation —This was done -on October 25, 1950. Local block and infiltration 
anaesthesia with novocaine 2 per cent. solution with adrenaline was used. The edges 
of the lid outside and inside the tumour were split with a sharp knife for 2 to 3 mm., 


* Received for publication March 3, 1951. 
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Fic. 1.—Outside of eyelid before Fic. 2,—Inside of eyelid before 


operation. operation. 


starting beyond the limit to which the lesion extended. By this splitting, the skin and 
muscle remained in the anterior flap and the tarsus and conjunctiva in the posterior. 
The lid was then everted and the conjunctiva above the lesion incised and dissected 
as far up into the fornix as possible. Two double-armed sutures were inserted into 
the edge of the posterior conjunctival flap and left for future use. 

The part to be excised was then outlined on the skin and conjunctival surfaces, and 
first the medial vertical cut and then the horizontal cut were made with strong scissors. 
A canthotomy was then done and the blade of the scissors was passed up to cut the 
upper limb of the external canthal ligament so as to free the upper lid completely. 

The sliding flap from the skin of the temple was marked out, the incisions diverging 
so that the flap had a broad base. The principles used in pedicle grafts were observed 
here, the width of the flap being at least one third of its length so as to ensure sufficient 
nourishment. The flap was then undermined, the dissection going deeper the farther 
it went laterally, so that the outer portion would be thicker than the inner. The 
vertical lateral incision of the area of the lid to be removed was made and the whole 
tumour mass excised. 

The anterior flap (skin and muscle) of the split area of the inner part of the lid 
was then excised, and the posterior flap (tarsus and conjunctiva) of the split area of 
the outer part of the lid similarly treated. The two ends of the cut. edges of the lid 
were approximated and that part of the sliding flap that was intended to lie in front of 
the outer border of the bony orbit was marked out. A-catgut suture was then passed 
into the periosteum of the outer border of the bony orbit, and subcutaneously into the 
area or point already marked on the skin, and knotted (this is one of the most important 
steps of the operation for it is this suture that will hold the two flaps of the lid together, 
so that no tension will be exerted on the skin-to-skin sutures). 

The conjunctiva of the fornix was then pulled down and stitched to the back of the 
newly-formed lid. (this step should be done at this point and not at the end of the 
operation as.in lower blepharoplasty, because it is very difficult, and even dangerous, 
in upper-lid repair to evert the lid after the two flaps have been sutured together). 

The two flaps of skin were then stitched together by double-armed sutures, and all 
the skin incisions were sutured with silk (great care must be taken in locating and 
stitching the new outer canthus). 

A binocular bandage was then applied, the first dressing being done after 48 hours. 
The bandage was retained for about 10 days, and changed every second day. 
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Fic. 3.—Condition after treatment. 


Tumour.—Histopathologically the tumour proved to be an adeno-carcinoma of a 
Meibomian gland and the sections showed that the tumour has been completely excised. 

Post-Operative Course.—The case ran smoothly with no complications, and the bulk 
of the newly-formed lid was well preserved (Fig. 3). A small notch seen 10 days later 
at the lid border at the site of junction was easily repaired by simple stitching. One 
month after the operation healing was complete. The lashes that were present in the 
outer non-affected part of the lid, and which now were located in the middle, were 
turned in, so that I was obliged to excise them to avoid injury to the cornea. I would 
have grafted a new row of lashes, but the patient did not mind about the appearance 
and ¢ould not stay any longer in hospital. He was discharged on December 9, 1950, 
with a good functional and cosmetic result. 


SUMMARY 


A case of adeno-carcinoma of a Meibomian gland affecting more 
than half the right upper lid is described. The tumour was excised 
and the lid successfully repaired by a sliding flap. 
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NOTE 


FACULTY OF OPHTHALMOLOGISTS 


At a meeting of the Council on Friday, April 13, 1951, the following 
were elected officers : 
QO. M. Dutuie, President. 
R. C. DAVENPORT } 
A. B. Nutr ) 
E. G. Mackie, Hon. Treasurer. © 


The following was re-elected: J. H. DoGcart, Hon. Secretary. 


Vice-Presidents. 














BOOK REVIEW 


2 


Ophthalmic Dispensing. By RusseLt L. Stimson. 1951. Henry Kimpton, London. 
Pp. 427, 178 figs. (56s.). 

This book has been written primarily for dispensing opticians but it contains 
much to interest the ophthalmic surgeon, The art of ophthalmic dispensing is defined 
as “ the translation of the formula into appropriate spectacle lenses to provide maximum 
ocular efficiency ”, and dispensers are warned against expressing any opinion about a 
patient’s vision or eye health and are advised not to. show surprise or dismay at a strong 
or complicated prescription. 

“ Ophthalmic Dispensing” contains numerous practical hints which are of use 
to ophthalmologists, of which the following are examples: after cataract extraction, 
the optical and visual axes are nearly coincident and allowance for this virtual abolition 
of the angle gamma has to be made in centring the glasses; in unilateral aphakia, 
although the difference in size of the images varies from 20 to 35 per cent. according 
to the previous ametropia of the affected eye, fusion can be obtained in selected cases 
by the use of a special lens to diminish the size of image in the aphakic eye. In the 
chapter dealing with ophthalmic lenses, a useful and comprehensive account is given 
of the various forms of bifocals and trifocals, and this is amplified in a later chapter 
“‘ Vocational Lenses” dealing with those required for special purposes, e.g., for a 
librarian who must be able to see the titles of books on shelves above eye level. The 
useful suggestion is made of having trial lenses with temporary cemented segments 
before deciding on the final form. Provisional lenses are also advocated for cataract 
cases during the settling-down period, though the author is incorrect in regarding as 
unique the services of one firm which provides cylinders as well as spheres, since these 
have been available in Great Britain for many years 

As would be expected in a book of this character, a fair amount of space is given 
to the theoretical side of the subject. Marginal astigmatism, aniseikonia, and the 
control of image size in anisometropia are some of the subjects which receive 
consideration. Reading these chapters makes one realize the difficulties with which 
opticians have had to contend and the immense amount of work whereby these have 
been overcome. That the difficulties in lens-making are not only theoretical, is shown 
by the statement that out of a 600-Ilb. melt of optical glass, over 90 per cent. is lost 
in the manufacture of regular single-vision lenses and 98 per cent. in the manufacture 
of one-piece bifocals, information which may often be useful in countering patients’ 
complaints about the cost of lenses. Advice is also given on dealing with complaints 
of discomfort in wearing new glasses and on the importance of correct centring. 
The subject of reflections in spectacle-lens surfaces receives adequate notice, an account 
being given of how these are produced and of how to deal with them. Many other 
points are dealt with in this interesting book, but the above will give some idea of its 
scope; there appears, however, to be no reference to recumbent spectacles or to reading 
additions in slip-in, or grab fronts, for those who do not wish to wear bifocals. 

The author is to be congratulated on the production of a volume which will give 
ophthalmologists much necessary information which is not available in their ordinary 
text-books. 
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COMMUNICATIONS 


THE ACCOMMODATION REFLEX AND 
ITS STIMULUS* 


BY 


E, F. FINCHAM 
Ophthalmic Optics Department, Institute of Ophthalmology, London 


IT is well known in the practice of subjective refraction measurement 
that when a low-power negative lens is placed before the emmetropic 
eye of a young subject, distant objects are still seen clearly, the eye 
having presumably accommodated by an amount equal to the 
effective power of the negative lens. When the lens is removed the 
distant object is again seen clearly, which shows that the accom- 
modation has then been relaxed. The purpose of the investigation 
which is to be described, is the study of this reaction of the 
accommodative mechanism to changes in the vergence of the light 
caused by placing lenses before the eye, independently of other 
causes for the adjustment. It may, however, be profitable first to 
review briefly the whole function of the adjustment of the eyes for 
different distances in its relation to this special case. 

In normal binocular vision the adjustment of the eyes for different 
distances is brought about by a complex voluntary innervation 
operating upon the recti muscles through the convergence centre and 
also upon the ciliary muscles via those parasympathetic fibres which 
pass through the ciliary ganglion. It is probable that the most 
powerful stimulus to this innervation is to be found in the disparity 
of the retinal images arising from the separation of the eyes, and 
although primarily this would apply only to the fusion centre and thus 
to convergence, its natural accompaniment of a corresponding change 
in the vergence of the light reaching the eyes, makes it necessary for 
the brain to order a change of accommodation as well as convergence. 

In monocular vision other factors must operate to make the subject 
aware that the distance has been changed; in fact, all those 
characteristic appearances which give rise to the monocular per- 
ception of depth will constitute potential stimuli to the mechanism 
for adjusting the eyes for different distances. 

Ittleson and Ames (1950) have shown that, under certain con- 
ditions, accommodation and convergence can be stimulated by 
altering only one of these factors, angular size of object, so producing 
an illusion of change of distance. They claim that in their experi- 
ments muscular effort of accommodation and convergence were 
related to a subjective change of apparent distance, with all other 
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things remaining constant. We may summarize by saying that the 
normal adjustment for near vision, binocular or monocular, results 
from a voluntary effort initiated by the consciousness that the object 
of regard is nearer. 

It is probable that convergence innervations are involved in all 
voluntary adjustments for vision at different distances; in fact, 
convergence may be the only truly voluntary component of the 
partnership, the synergic reactions of the ciliary muscle and sphincter 
of the iris being carried with it. It is, of course, well known that 
experimentally accommodation may be exerted to overcome centred 
negative lenses placed before the eyes, while binocular fusion is 
maintained for an object remaining at the same distance and viewed 
through the lenses. Although in these conditions the eyes are 
accommodating without actual convergence, the presence of the 
innervation to convergence is revealed by covering one eye, which will 
then be seen to turn inwards. It appears that in the special conditions 
of such an experiment, where different amounts of accommodation 
and convergence must operate together, the overriding control of the 
fusion faculty neutralizes the innervation to excessive convergence. 

It has been shown by experiments with a haploscope system, that 
convergence may be made to exceed accommodation, but when the 
difference is measured objectively the excess is found to be smaller 
than that produced by the older subjective methods. Adamson and 
Fincham (1939) have shown that, within the amplitude of accom- 
modation, it is not possible to alter convergence without causing 
some change in accommodation in the same direction. However, if 
the vergence of the light remains constant, the accommodation does 
not change as much as the convergence, apparently because the 
accommodative mechanism is governed to some extent by the 
vergence of the light at the eye. Thus, when the light is diverging 
from an object beyond the distance to which the eyes are made to 
converge, the accommodation will be less than the convergence but 
more than is-required to focus the light from the object. It was 
found that in these special conditions there is quite a large subjective 
tolerance to the discrepancy between the refraction of the eye and the 
vergence of the incident light, within which the subject still has clear 
vision. 

In the reaction of accommodation to lenses placed before the eye, 
there is no apparent change in the distance of the object to act as a 
Stimulus; the only alteration is in the vergence of the light at the 


eye and the consequent loss of focus of the retinal image. This mere 
blurring of the image alone cannot be acting as the stimulus, because 


in these two conditions, 
(a) the unaccommodated eye viewing a distant object through a negative lens, 


(2) the accommodating eye being without the negative lens, 
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the degree of blurring will be approximately the same, but the required 
adjustments are in opposite directions. It is common practice 
during subjective refraction testing to keep the accommodation 
relaxed by producing a slight fogging of vision with positive lenses. 
It will be seen that unless the adjustment is made by a trial-and-error 
method, which would produce an unstable condition when the light 
entering the eye is too convergent (as for instance in myopia or when 
a weak positive lens is placed before an emmetropic eye), there must 
be some means of informing the brain of the state of the light at 
the retina, whether convergent or divergent. 

This direct response of the accommodative mechanism to changes 
in the vergence of the incident light appears to be a reflex in 
monocular vision in young subjects. It appears to operate over a 
range of not more than 2 dioptres up to the age of about 26 years. 
For greater powers and at ages above 26 years the response is no 
longer involuntary. 

The aim of this investigation is to find what characteristics of the 
retinal image constitute the stimulus which initiates this reflex 
response in the accommodative mechanism to changers. in the vergence 
of the incident light. 


EXPERIMENTAL METHOD 


Only by an objective method of measuring the refraction of the eye can we be sure 
that accommodation is being changed. In this investigation the Coincidence Optometer 
(Fincham, 1937) was employed. By this instrument the retinal image of a vertical 
line target is watched throughout the test and changes in the refraction of the eye are 

indicated by a break in the coincidence of the upper and lower 

halves of the linefimage. A photograph of the appearance of 

the retinal’ image when the refraction differs from the setting 

of the instrument by 0.5 dioptre is shown in Fig. 1. A 

difference of 0.1 dioptre is visible, and the rate of change as the 

eye accommodates can be observed. The arrangement of the 

‘apparatus is shown in Fig. 2(overleaf). The test object O, which 

was at a distance of 4 m., was presented to the eye by reflection 

at the transparent mirror M attached to the optometer. The 

F ne 1 Hara axis of the optometer was about 4° away from the subject’s 
ca pole ‘ero visual axis. For the initial tests the object was a diffusely 
the optometer. transilluminated clear plate bearing a number of black dots 
upon which the eye could focus. Illumination was from 

either a 60-watt tungsten lamp or a sodium lamp. The whole luminous object subtended 
an angle of 1° at the eye; the angular size of the dots was about 3'. The rest of the 
field was dark except for the target light in the optometer which had to be imaged 
on the subject’s retina. The refraction was measured at about 4° from the visual axis, 

The vergence of the light from the object was changed by means of the lens L inter- 
posed between the object and the mirror and close to the latter. This change could be 
brought about very rapidly, and the lens, being centred on the visual axis, produced no 
apparent lateral displacement of the object, In the routine test a -1,5-dioptre lens. was 
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Fic. 2.—Experimental arrangement of apparatus. 


used to produce accommodation. Positive lenses were also used as a control. In 
some early exploratory experiments, the object described was replaced by an image 
projected upon a translucent screen in the position normally occupied by the object. 
This image could be put out of focus by a extent which imitated the blurred appearance 
which the normal object acquired when viewed through a +1-dioptre lens placed 


close to the eye. Keeping the surrounding field dark ensured that the subject saw the 
image in space and had no clues to its distance. 


The 55 subjects examined were of both sexes and aged between 17 and 25, In no 


case was the refractive error greater than + or —1.0 dioptre. 


EXPERIMENTS AND RESULTS 


The first experiments were concerned with the general observation 
of the reaction and the verification of its reflex nature. 


BLURRING THE Ossect.—The effect of blurring the object, by 
projecting an out-of-focus image on to a screen, was tested on 
twenty young uninitiated subjects. Not one showed any change of 
accommodation when the image was altered from sharp focus to 
slight out-of-focus. Also, while the normal object was illuminated 
with white light, none showed any accommodation when a positive 


‘lens of 1.0 dioptre was placed before the eye, thus making the light 


at the eye more convergent. A few of the subjects who were low 
uncorrected hypermetropes were seen to relax accommodation and 
were not conscious of any change in vision. 

On the other hand, all the subjects showed positive accommodation 
when a negative lens of 1.0 or 1.5 dioptre was brought into the path 
of the light from the object. The rate of the reaction varied somewhat. 
It is estimated that in no case was there a delay of as much as 
one second, and that in most cases the adjustment of the eye occurred 
with precision, and was completed in less than 0.5 sec. In a 
few cases, less than 10 per cent. of the whole, there were small 
fluctuations of power of about 0.25 dioptre while the eye was 
accommodating. The subjects were not conscious of these variations 
but said that their vision remained clear. 
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When the negative lens was removed, the state of the refraction of 
the eye returned to normal. The rate of this relaxation showed 
rather more variation from one subject to another than did the rate 
of positive accommodation. In most cases the change was rapid 
and precise, but in some there was a small hesitation. The delay 
was probably never more than one second. 

These results show that the brain must be receiving messages 
which give the required information on the state of vergence of the 
light at the retina, whether it is convergent (calling for accommoda- 
tion) or divergent (requiring relaxation of accommodation for the 
production of a focused image). It is necessary to refer to those few 
cases, less than 10 per cent. where the power was seen to fluctuate 
slightly, because such a process could by trial and error give the 
brain the necessary information, the mechanism feeling its way, as it 
were, to the correct adjustment. Such fluctuations are sometimes 
seen with the Coincidence Optometer when the eye is adjusted for 
distant vision and appear to occur in some low degrees of astigmatism. 


The results of the experiments show that in the normal reaction the 
brain is not depending upon such a trial-and-error process. 


REACTION TO CHANGES OF CoLouR.—In an attempt to find a means 
other than lenses of changing the vergence of the light at the retina, 
and one that would not alter the apparent size of the object, use was 


made of the chromatic aberration of the eye. The object was still 
illuminated with white light, and two coloured filters which could be 


rapidly interchanged were placed in the lens-carrier instead of the 
lens L; a blue of maximum transmission 0.45y, and a red of 


maximum transmission 0.634. (Wratten C4 and F). The difference 
in refraction of the eye for these two colours is in the region of 


1.3 dioptres; thus an eye made emmetropic to the blue by means of 
a negative lens would have to accommodate 1.3 dioptres to see the 
object clearly through the red filter. 

When this test was applied to a few subjects no reaction occurred. 
When the light changed from blue to red the subject was conscious 
that the image was blurred, and although a trained subject was able 


to focus it, a distinct voluntary effort was needed. With untrained 
subjects the image remained blurred. Tests on more subjects made 


at a later date have shown that some eyes do show a positive 
accommodation reaction for changes in colour, but the chance result 


that all the first group of subjects failed to react to this test led to the 
discontinuance of this experiment in the belicf that there was a 


satisfactory psychological explanation of the result. : 
Because of the chromatic-aberration of the eye, differences of 


definition must normally accompany retinal images of objects of 
different colour. In normal vision the scene which is viewed may 
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contain objects of many colours, and to focus each in turn would call 
for a continual adjustment of accommodation as the attention 
scanned the scene. But as the recognition of difference of light 
vergence and the consequent adjustment of accommodation are 
associated, in normal vision, with difference of distance, it seems 
unlikely that this recognition occurs when the difference of light 
vergence is due to the eye’s differential focusing of coloured objects, 
which are known (by binocular and monocular parallax, perspective, 
etc.) to be at an equal distance from the eyes. The well-known 
stereoscopic effect with colours is binocular, and although it depends 
upon the chromatic aberration of the eyes, it is due to the relative 
displacement of the retinal images when, as is usual, the pupils are 
decentred with regard to the visual axes. 

It is perhaps remarkable that red and blue objects placed at the 
same distance from the eye do not appear by monocular vision to be 
at different distances since the light from them is focused in different 
planes in the region of the retina. It appears that there must be 
some compensating sense by which colour differences are correlated 
with vergence differences and thus the brain accepts the fact that the 
eye is relatively hypermetropic to red and myopic to blue. 


EFFECT OF ELIMINATING THE INFLUENCE OF CHROMATIC ABERRATION 
OF THE EyE.—It was suggested to the writer by Prof. Hartridge that 
the solution of the problem of how the brain learns the nature of 
the necessary adjustment of accommodation, might be found from a 
consideration of the chromatic aberration of the eye. Certainly, if 
we consider the retinal image of a simple object (such as a point of 
white light) apart from other aberrations and diffraction, the 
chromatism of the eye will produce in the image a certain character- 
istic disposition of the colours for the state of refraction which we 
call emmetropia. In hypermetropia this colour figure will be 
altered, the light disk will be surrounded by a red fringe, while in 
myopia blue will appear on the outside of the disk. It is possible 
that by this means the brain would know the nature of the light 
vergence at the retina. This hypothesis could be tested by repeating 
our first experiments with the object.illuminated with monochromatic 
light instead of white light. 

Subjects who had been tested with white light were again tested 
while viewing the same object illuminated with sodium light. The 
object was seen in a dark field. As before, the effects of negative and 
positive lenses were observed, and showed a marked difference from 
the uniformity of response obtained with white light. The 
accommodation reaction of the 55 subjects tested to changes in the 
vergence of sodium light, may be summarized as follows: 

Group A ... ... No reaction (19) 
Group B ... +» Partial reaction (14) 
Group C ... .-- Reaction as with white light (22) 
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With regard to Group A, there is little comment to make. In most 
cases the image seen in the optometer remained quite steady, showing that 
no change occurred in the accommodation. In others there was a small 
fluctuation in power, not exceeding half a dioptre, when a negative lens 
of 1.5 dioptre was placed before the eye. The eye did not accommodate 
for the divergent light and the subject was conscious of a blurred image. 


In Group C the reaction in both directions was complete, and in almost 
all cases the accommodation to the negative lens and the relaxation when 
it was removed were as precise and rapid as in the experiment with white 
light. In one or two cases the relaxation was slightly hesitant and slower. 
None of these subjects accommodated when positive lenses were placed 
before the eye while an object illuminated with sodium light was being 
viewed. 

The results in Group B were the most interesting. With small individual 
variations they showed the following responses to changes in the vergence 
of the light from an object illuminated with sodium. 

The interposition of a negative lens caused the eye to accommodate as with white light. 

When the lens was removed, the accommodation was not relaxed although the subject 
was conscious of a blurred image. 

This condition lasted for fully one ‘minute, after which, in most cases, the power 
began to fluctuate, probably on account of conscious effort, and slowly returned to 
normal. In other cases it was not until the eye was turned away to view the target 
light of the optometer that the accommodation was relaxed. 


The most distinctive characteristic of this group was that they would 
all accommodate to positive lenses when viewing the sodium-illuminated 
object. This was a definite and steady change; in fact it lasted long 
enough for the subject to experience the increased blurring which the 
effect produced and which developed after the lens had been placed in 
position. 

As a further test of the influence of the chromatic aberration in 
respect of the stimulus to accommodation, the subjects were tested 
again when viewing an object illuminated with white light. In the 
path of the light was placed a lens constructed to correct the chromatic 
aberration of the average eye while not affecting the vergence of 
yellow light. This lens was placed in the cell C (Fig. 2); particulars 
of it have been given by Thompson and Wright (1947). The results 
of these tests in all three groups were precisely the same as with 
monochromatic light. 

These experiments show that, while the influence of chromatic 
aberration and the consequent alteration of the colour figure of the 
retinal image for changes of vergence of the light is the governing 
factor in stimulating the accommodation reflex in a large group of 
subjects, some other factor must exist to explain the behaviour in 
those cases (at least 40 per cent.) who have the normal reflex when 
the information derived from chromatic aberration is denied them. 
Further experiments were therefore directed mainly to the investiga- 
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tion of subjects in Group C who so far had been found to react 
equally to monochromatic and white light. 


EFFECT OF SPHERICAL ABERRATION OF THE Eye.—The particular 
characteristics of the retinal image which arise from the spherical 
aberration of the eye will change as the vergence of the light at the 
retina changes. It was necessary, therefore, to test whether this 
change gave rise to the stimulus to the accommodative mechanism. 
This was done by allowing the light from the test object to enter the 
eye through a narrow peripheral zone of the pupil only. The 
tollowing method was used to achieve this condition. In the cell of 
the apparatus was mounted a small telescope system of unit magni- 
fication which had its exit pupil formed at about 35 mm. from the 
eyepiece and thus in the plane of the subject’s pupil. In the plane of 
the objective was placed one of a series of central stops of diameters 
varying between 2.5mm. and4mm. This stop, being imaged in the 
subject’s pupil, prevented light from the object from passing through 
a central region of that diameter. The centring of this imaged stop 
was important, but presented no difficulty with the apparatus which 
was used. The Coincidence Optometer is provided with a means of 
centring the axis of the instrument accurately upon the subject’s 
pupil, and of checking it at any time during the test; hence, by 
fixing the small telescope and the transparent mirror M with regard 
to the axis of the optometer, it was possible to ensure that the 
image of the stop was kept in the centre of the pupil. 

Several subjects who had been found to possess the reflex 
with monochromatic light were tested with this apparatus while the 
object was illuminated with sodium. It was found that the limitation 
of the pupil to a relatively narrow peripheral zone did not prevent 
the reflex. 


SIZE OF OBJECT.—Some experiments were made to determine the 
minimum angular size of object for which the eye would accommodate 
when the light was made divergent. A single spot of light of 
1’ angular diameter was the smallest that was used. With this it was 
found that no stronger lens than —0.75 dioptre could be employed 
without causing a degree of blurring which was too great in pro- 
portion to the object size. Using this small object illuminated with 
white light, some subjects were found still to show the reaction, but 
most required an object of 2’ diameter to evoke the reflex. When 
the object was illuminated with sodium light it was necessary to 
increase its size to 4’ or 5’ to produce any reflex to the negative lens, 
and it was usually slower than normal for objects below 8’. 


FIXATION, SCANNING, AND THE EFFECT OF DIRECTING FIXATION 
AWAY FROM THE OBJECT.—When the retinal image was being viewed 
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with the optometer in the course of making the observations 
described above, it was noticed that fixation was not constant. 
Details of the fundus, such as small retinal blood vessels in the 
region of the image, were seen to be making small oscillating move- 
ments with regard to the image: By comparison with the width of 
the image of the line of the optometer target, the amplitude of the 
movements could be estimated as rather less than 10’ of angle. In 
- most cases it was found that the subject could not prevent the move- 
ment, particularly when a lens was placed before the eye. For these 
experiments on fixation, lenses not exceeding 0.75 dioptre were 
used. Four subjects were found who could maintain good fixation 
and the following experiment was carried out on them. They 
viewed an object consisting of a luminous field of about 1° diameter, 
having upon it some black dots of 3’ diameter arranged in pairs of 
various separation. 

It was found that no accommodation occurred for a negative lens 
while the subjects maintained fixation of one dot, which they were 
able to do for at least 30 sec. As soon as the subject under direction 
turned the eye to look at the next dot, accommodation was seen to 
take place. The experiment was also tried in the reverse direction, 
i.e., the eye was made to accommodate with a negative lens and then 
fixation was held on one spot of the object. When the lens was 
removed, accommodation remained unchanged so long as fixation was 
held. Accommodation was relaxed as soon as the subject directed 
his vision to another spot. These effects were found to be independent 
of whether white or sodium light were used, except that white light 
had to be employed with those subjects who had previously been 
found to show no reaction to monochromatic light. 

In an attempt to determine tne minimum angle of scan required, 
the reaction was found to occur when the subject looked from one 
to the other of a pair of dots separated by an angle of 6’. This is 
not an easy task for the subject to perform, particularly as the image 
becomes somewhat blurred by the lens. Hence it cannot be said 
with certainty that the angle of rotation of the eye was not greater 
than 6’, and on the other hand the subjects felt they could not 
guarantee fixation of one or other of a pair of spots of less than 6’ 
separation; thus no accurate value for the angle of scan can be given. 
However, the effect was found to be the same in all four subjects, 
and they were each tested on several occasions. It was noticed that 
the reaction in each direction was very rapid as soon as the subject 
was instructed to scan. 

Using an object consisting of a white spot subtending an angle of 
10’, it was found that there was no reaction to a negative lens if 
the subjects kept their direction of vision away from the object by 
more than its width. It was not permissible to use fixation or 
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directing marks for this purpose as they would have acted as-stimuli, 

but many subjects found it possible to look at imaginary points 
around the object at a radial displacement from it equal to its width. 
The reaction was found to occur only when vision was directed to 
within 10’ of the object. 





DISCUSSION 


These experiments have shown that when the vergence of the light 
at the retina is altered in a young subject, a message is sent to the 
brain giving information of the change, and thus initiating, where 
possible, the necessary adjustment of the state of accommodation. 
This adjustment is a reflex and is independent of the conscious 
knowledge of the relative distance of the object. We may assume 
that no mechanism exists in the retina for the direct recording of 
actual differences of light vergence, and the only results of these 
differences which occur in perception are in the definition of the 
image. That differences of definition do not provide the stimulus to 
this reflex is shown by the results of those experiments in which the 
object consisted of an image which could be put out of focus, and 
also by the absence of reaction in the eye when a weak positive lens 
is placed in the path of the light from the object. 

The behaviour of the subjects in Group B, who show.a partial 
reaction when the object is illuminated with monochromatic light, 
is particularly instructive in this respect. These subjects were found 
to react to a negative lens with the object illuminated with mono- 
chromatic light, but when the lens was removed they did not relax 
accommodation. If we'assume that in these cases the brain is taking 
undue notice of the blurring of the image, we see that from the zero 
position an effort of accommodation, which is the only adjustment 
that can be made to improve vision, succeeds. When the lens is 
removed the retina is left with a blurred image again, but as the eye 
is now accommodating, the brain has a choice of either increasing 
or relaxing the accommodation. Without the information given by 
the chromaticity of the image, however, there is no clue to the direction 
the adjustment should take, and the brain is unable to give the 
necessary innervation. That these subjects depended to some 
extent upon the definition of the image-when monochromatic light 
was used, is shown by their reaction to a positive lens. The fact 
that they accommodated showed that, in the absence of the differences 
in the image due to chromatic aberration, they were unable to 
distinguish between the effects of positive and negative lenses, and 
reacted in the same way to both. . 

With an object illuminated with white light, there were no such 
mistakes or hesitations in the reaction, and the change in accommoda- 
tion was always in the correct direction. 
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In our enquiry into the nature of the stimulus at the retina for 
this reflex, we may assume that the retina can send to the brain only 
two types of fundamental information; a difference of light and a 
difference of colour. Thus it must be by one or both of these that 
the brain is informed of the change in the state of vergence of the 
light at the retina. Upon this basis the results of the experiments 
on the influence of chromatic aberration appear to offer a partial 
explanation. The fact that, in the absence of the effects of chromatic 
aberration, no reaction took place in about 34.5 per cent. of the cases 
tested and a quite false reaction in 25.5. per cent. means that in 
60 per cent. the change in the retinal image due to the differential 
focusing for colours acts as a stimulus to the accommodation reflex, 
for without it the reflex is absent. It may appear remarkable that 
chromatic aberration, which might be considered a fault in the optical 
system of the eye, not only has no noticeably harmful effect upon 
the image which is perceived, but is instrumental in providing the 
information which enables the brain to carry out an important 
adjustment. 


This, however, is not the only factor in the process, because 
40 per cent. of the cases studied were found to have the normal 
reflex when chromatic aberration could play no part. It is un- 
fortunate that up to the present the experiments on fixation and 
scanning could be made on no more than four subjects, but it is 
understandable that it will not be possible to find many subjects who 
can maintain a high order of fixation in the conditions of this test. 
However, the results in these four cases have shown that, irrespective 
of the effects of chromatic aberration, no accommodation reflex to 
changes in the vergence of the light takes place while fixation is held. 
To produce the reflex it is necessary for the eye to scan so that the 
image travels across a certain area of retina. It has not been 
possible to measure the angle of rotation of the eye in this scanning 
process, but such observations as have been made indicate that a 
rotation of 6’ may be sufficient. 


The necessity for scanning seems to indicate that the Stiles- 
Crawford effect is the means whereby the visual mechanism interprets 
difference, of vergence into terms of difference of light stimulus. 
Fig. 3 shows the hypermetropic and myopic conditions; in each case 
the eye has turned to the right from the point of fixation, so that the 
out-of-focus image is falling to the right of the centre of the fovea M. 
This simple treatment shows that the limiting rays of the blur circles 
acquire differing degrees of obliquity at the retina for small move- 
ments of the eye. In the hypermetropic condition, the rays nearer 
to the centre of the fovea become more normal to the retina; inthe 
myopic state the rays farther from the centre of the fovea become 
more normal. Thus on the basis of the Stiles-Crawford effect a 
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(a) Hypermetropia. (6) Myopia. 


Fic. 3.—Application of the Stiles-Crawford effect when the retina is receiving 
an out-of-focus image while the eye makes a scanning movement. 


difference of brightness stimulus between the two sides of the area 
could be produced, and by this means the brain could detect whether 
the light at the retina was converging or diverging. This difference 
of brightness for the small angle of rotation and for dioptric 
differences as low as 0.5 dioptre will be very small; but we need not 
relate it to the light difference sense, since here no sensation is 
involved but only the operation of a reflex of the lower centres. The 
effect of directing the vision slightly away from the object (10’' from 
fixation) was to prevent the reaction, although scanning was still 
permitted. Thus it appears that only a limited area of retina is 
used for this reflex and it is known that the Stiles-Crawford effect - 
applies only at the fovea. 

There appear, therefore, to be two factors concerned in stimulating 
the accommodation reflex; chromatic aberration of the eye, and a 
minute rotation of the visual axis or scanning. Of these the scanning 
process is probably more essential, since many subjects were found 
to have a normal reflex without the effects of chromatic aberration, 
and all were seen to be makng the scanning movements except 
those few who could arrest it by voluntary effort, which prevented 
the reflex. Therefore, whereas probably all subjects are using both 
factors, some do not react without the application of both, whereas 
others can dispense with the chromatic effects. 

It is interesting to speculate on the purpose of this reflex with its 
operation independent of the nearness of the object which is, of 
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course, the normal reason for accommodation. It appears to 
constitute an automatic focusing device, governed by the actual 
vergence of the light irrespective of the real, or apparent, distance of 
the object. The clearest case of its operation in natural conditions 
is in the uncorrected low hypermetropic eye, where the inherent error 
is automatically corrected by the accommodation. In such a case, 
the normal equality relationship between accommodation and 
convergence cannot hold. Some machinery must exist for allowing 
the eyes to accommodate by the amount of the error before con- 
vergence is called into play. Although accommodation and 
convergence operate together in normal vision, some considerable 
latitude exists between them—the relative amplitude. This entails 
that although apparent distance is the overall controlling stimulus for 
‘the dual function, when the linkage between accommodation and 
convergence is loosened they must each be dependent to some 
extent upon their own stimuli. Just as convergence is governed by 
the disparity of the retinal images and the necessity for fusion, so 
accommodation has. an independent fine adjustment in the reflex 
discussed in this paper, which is stimulated by changes in the vergence 
of the light at the retina. 

It is realized that this investigation is far from complete. In 
particular, the function of scanning with regard to the reflex calls for 
more experiments on a greater number of subjects and for a full 
theoretical consideration of the process by which it operates in the 
interpretation of differences of light vergence into differential 
impulses in the retinal nerves. 


My thanks are due to Dr. W. D. Wright for providing the achromatizing lens used 
in some of the experiments. 
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BINOCULAR VISION IN LIGHT ADAPTATION AND 
DARK ADAPTATION IN NORMAL SUBJECTS 
AND COAL-MINERS* 


BY 


DOROTHY ADAMS CAMPBELL, RENEE HARRISON, 
AND JEAN VERTIGEN 


From the Research Department, Birmingham and Midland Eye Hospital 


PART I. NORMAL SUBJECTS : 


IN a previous communication (Campbell and others, 1948), a 
preliminary comparison was made of the binocular vision of normal 
subjects and of coal-miners in light adaptation and dark adaptation. 
The number of subjects then available was rather small, and the 
investigation has now been repeated with greater precision and in 
more detail, in order to establish the behaviour of the normal 
subject in “ half-distance” as well as in ordinary “ distance” vision. 

In the course of examining and training adult subjects on the 
synoptophore, the orthoptist must become aware of numerous 
individual variations in binocular vision, but no attempt has been 
made to correlate or to analyse them. 

Our records were made for the purpose of finding a normal 
base-line with which to compare the behaviour of coal-miners, whose 
visual environment differs so much from that of light-adapted subjects. 

Ninety subjects were taken in three age groups (A, 25-44; B, 45—54; 
C, 55-70), an irregular age distribution being chosen to demonstrate 
the behaviour of the young adult (A), the presbyope (B), and the old 
adult (C). They were ordinary hospital out-patients and volunteers 
of all classes and occupations who had fusion, excluding those with 
amblyopia or a manifest strabismus. They all had vision 6/12 or 
better in each eye, and they included 31 emmetropes, 46 hyper- 
metropes, and thirteen myopes. Those with astigmatism greater 
than half a dioptre were excluded. Each group contained thirty 
subjects, and the groups were subsequently used as controls for 
normal coal-miners and for coal-miners with nystagmus. 


METHOD 
The visual acuity was recorded in daylight, with and without the 
glasses which corrected the refractive error, and tests were made with 
the Maddox wing and Maddox rod. The subjects were also tested on the 
synoptophore without glasses. The measurements were surprisingly 
constant and in many instances individuals gave the same results when 
retested after a lapse of several months. 
* Received for publication December 6, 1950. 
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The same synoptophore and the same slides were used throughout, 
together with standard Wratten filters* by which the illumination could 
be reduced to approximately ,',,.4, and } of its full value. The synopto- 
phore was calibrated with the slides and filters, in situ, both at the beginning 
and at the end of the series of experiments. The scales on the synoptophore 
were made faintly luminous by the application of radio-active paint. 

No claim is made for the absolute accuracy of the levels of illumination, 
since both filters and slides gave a diminishing effect with the passage of 
time, but the relative values remained appreciably the same. In all tests 
the brightness of the test slide was well above the critical threshold 
(approximately 0:01 millilamberts) for the dark-adapted eye, and was of 
such a degree as would not cause “ glare” to a normal person. An opal 
screen was inserted between the lamp and the slide to obtain diffused 
illumination and the brightness was cut down by adding the appropriate 
Wratten filter. 

The subject was first tested in a well-lighted room, and was then dark- 
adapted for 45 minutes in a completely darkened room and again tested 
with illuminations. of 5, +, 4, and full strength, in that order. The 
orthoptist used a small torch with a_ red filter when it was necessary to 
move the patient, or to adjust the instrument. 

As the tests proceeded, it became obvious that the most significant 
changes occurred as between full illumination in the light-adapted eye, 
and ,', illumination in the dark-adapted eye. The use of full illumination 
in the dark-adapted eye was sufficient to restore it to a condition of 
light adaptation, and the eyes returned to the same measurements of 
binocular function as in light adaptation. The records for 3 and } strength 
illumination showed relatively insignificant intermediate gradations. The 
records given below are therefore confined to those taken at full and 
ys illumination in the light- and dark-adapted eye respectively. The 
average value, in terms of brightness, with the opal screen in situ was then: 

“ Full” illumination = 72 millilamberts: 
zs illumination = 7.1 millilamberts. 

Binocular performance was judged by measurements taken in the 
following order: 

(1) SP., by “ circle ” and “ triangle ” slides. 
Full brightness = 50 millilamberts 
ry brightness = 4,9 millilamberts 

(2) Fusion and adduction, by “* flag ” slides. 
* Full brightness = 38 millilamberts 
zy brightness - 3.4 millilamberts 

(3) Stereoscopic vision, by a slide showing white circular areas on a black ground. 

Full brightness = 23 millilamberts 
7s brightness = 2.1 millilamberts. 

The first served mainly to initiate the subject, and the results are not 
recorded here in detail. 

In its normal condition the synoptophore is constructed to record 


I 





* Supplied by Messrs. Kodak, Ltd. 
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binocular vision as exercised at a distance. Records were also made with 
a —1.50 D. lens before each eye, to show the power of adduction, and 


any associated changes in fusion and stereoscopic vision during the 
exercise of a moderate amount of accommodation, the visual behaviour 


required being similar to that needed in working at half-distance* without 
visual aid. 


RESULTS 
Fusion 
IN LiGHT ADAPTATION.—In the unaccommodated state all the 
subjects examined had fusion; 46 per cent. had an angle of 0°, 
34 per cent. achieved fusion at from +1° to + 4°, 9 per cent. were 
markedly convergent, and the remaining 11 per cent. were divergent 
(Table I and Fig. 1). 


With Accommodation, as might be expected, the majority of subjects showed a 
markedly convergent angle (Fig. 1); 59 per cent. fused at between +5° and +10°, and 
only 7 per cent. at 0°. Nearly all those who were divergent in distant vision became 
convergent. 


IN DARK ADAPTATION.—Only 26 per cent. of the subjects fused at 
0°. Of twenty subjects tested with a test object of only 0-03 milli- 
lamberts, 15 per cent. still fused at 0°, and 50 per cent. at +1° to+4°. 
There was a tendency for the fusion angle to become more convergent, 
except in those subjects who began with a divergent fusion angle. 


With Accommodation the behaviour was practically unchanged by dark adaptation. 


EFFECT OF ERRORS OF REFRACTION.—The same variations were 
seen in emmetropes even more clearly than in the average. Myopes 
and hypermetropes followed the same pattern of performance, 
except in the unaccommodated eye in dark adaptation, when they 
both developed a more convergent fusion angle than the emmetropes 
(Table I). 


EFFECT OF AGE.—Individuals of middle and old age (Groups B 
and C) assumed a greater convergent fusion angle than young adults 
(Group A), particularly in accommodation (Fig. 2, overleaf). In 
the light-adapted eye, 77 per cent. of Group C showed a fusion angle 
of from +5° to +10° in accommodation. 


Adduction 

In recording the range of adduction, allowance, was made 
for the fusion angle, e.g., if fusion occurred at +3° and the 
ductions were —5° to 25°, the corrected ductions would be — 8° to 
+22°. In this way it was possible to compare the ductions of 
different individuals. The results showed that the most useful way 

* The terms ‘“‘distance” and “‘half-distance” used in this paper may be taken as corres; 
with vision , in the unaccommodated and the accommodated (i.e., tests- with —1.50 spheres satan 


The term “adduction” has been retained, although in the tests with accommodation for 
half-distance it might be called convergence. 
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TABLE I 


FUSION ANGLES IN NORMAL SUBJECTS 
(Percentages of Total Subjects) 





Light Adaptation Dark Adaptation 
Angle of 

Fusion 
(degrees) | Unaccommodated| Accommodated| Unaccommodated| Accommodated 








All Subjects (90) (cf. Fig. 1) 
0 46 
+1/+4 





ow (31) 


+1/+4 

+5/+10 

—1/-—4 
None 





— ae (46) 


+1/+4 

+5+10 

—1/-4 
None 





oar (13) 


+1/+4 

+5/+10 

—1/-4 
None 
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of demonstrating the variations was to record the percentage of 
individuals who shewed adductions of 10° or less, 10° to 19°, and 
20° and over. The variations in adduction were found to be 
negligible throughout and are omitted for the sake of clarity. 


IN LiHT ADAPTATION.—In distance vision the common range of 
adduction was 10° to 19° for 56 per cent. Twenty-two per cent. had 
less than 10°, 22 per cent. had over 20° (Fig. 3 and Table II). 

With Accommodation, adduction 


40 had f 10° 
per cent. a range of 10° 
ACCOMMODATED to 19° and 34 per cent, over 20°. 


posing showed a tendency to 
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EFFECT OF ERRORS OF RE- 
FRACTION.— These caused little 
difference in adduction; my- 
opes gave the poorest perform- 
ance in distance vision (Table 
II) while hypermetropes de- 
veloped the greatest adduction 
Ye in accommodation. 

Wa: - Yi EFFECT OF AGE.—The power 
tas esse . of adduction increased with age 
Fic. 3.—Range of adduction in light adapt- jn distance vision. In near 
_ ation and dark adaptation (all subjects). vision the presbyopes (Group 

B) showed greater adduction 
than young adults. In the oldest subjects (Group C) there was a distinct 
grouping into those with “poor” and those with “good” adduction 
(Fig. 4). 

IN DarK ADAPTATION.—In distance vision the power-of adduction 
was on the whole slightly worse in the dark than in the light. 
With still lower illumination (0-03 millil.) duction tended to increase. 
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TABLE II 


ADDUCTION IN NORMAL SUBJECTS 
(Percentages of Total Subjects) 





Light Adaptation Dark Adaptation 
Angle of 
Adduction 
(degrees) |Unaccommodated| Accommodated| Unaccommodated| Accommodated 








All Subjects (90) 
30 


29-20 
19-10 
9-1 
None 


Emme¢tropes (31) 
30 


29-20 
19-10 
9-1 
None 
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None 


Peerrrevrerretstss 

















Light -Adapted Dork -Adapted 
Distance Half-distance Distance Half - distance 





Young subjects(A)} 
Presbyopes  (B)} 
Old subjects (C) 


4 
Ji 
ff 
i 
i 
i 
/ 


’ 
‘ 











PERCENTAGE OF SUBJECTS 











Si aie =d Sad ae ad ae aie ad Sad ad pw es 
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With Accommodation adduction was better, 38 per cent. having a range of 10° to 


* 19°, and 40 per cent. over 20° (Fig. 3). 


Errect or ERRORS OF REFRACTION.—Hypermetropes showed the highest level of 
adduction in near vision, while myopes showed a low level of adduction, especially 
those in Group C, many of whom had none whatever (Table II). 

Errect or AGE.—Young subjects had the greatest adduction in accommodation, and 


older subjects in distance vision. 


ro. 
° 


SUBJECTS 
) 
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PERCENTAGE OF 
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EXCELLENT 


Fic. 5.—Stereoscopic vision (all subjects). 





Stereoscopic Vision (Figs 5 and 
6, Table IIT) 


Although the slides used for 
this test were made up of a series 
of eight white circles on a black 
ground, each identifiable by a 
letter, the presbyopes could not 
read the letters, and yet were able 
to describe the stereoscopic,posi- 
tion of the circles. In other 
words, the stereoscopic vision 
test was not dependent on 
visual acuity. The sense of 
stereopsis often developed 


slowly, and the subject was allowed time to become aware of it. 


TABLE Ii 
STEREOSCOPIC VISION IN NORMAL SUBJECTS 


(Percentages of Total Subjects) 





Light Adaptation 


Dark Adaptation 








Unaccommodated) Accommodated 


Unaccommodated) Accommodated 








All Subjects (90) 

Excellent... 67 
is 14 

Poor ... 19 






| 
| 
| 


65 60 51 
21 10 26 
14 30 23 





Emmetropes (31) 
Excellent... 
ood... 


Poor 5, 









77 
10 
13 


72 





Hypermetropes (46) 


Excellent 59 
ood... 15 
Poor ... 26 












66 52 
26 9 
39 





Myopes (13) 

Excellent... 61 
Good... 8 
Poor ... 31 























50 46 44 
17 15 28 
33 39 28 











* Excellent, §-j ; 





Good, §-%; Poor, é or less. 
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Fic. 6.—Effect of age on stereoscopic vision: 
A, young subjects, 25-44 years; B, presbyopes, 45-54 years; C, old subjects, 55-70 years. 
E, excellent ($-3); G, good (§-8); P, poor (g or less). 


The results were graded as “excellent” (3—%), “good” ({—%), and 
“poor ” (# or less). 
In Licut ADAPTATION.—It was found that 67 per cent. of normal 
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subjects had excellent stereoscopic vision in the distance, and 65 per 
cent. when the eyes were accommodated (Fig. 5 and Table III). 

Emmetropes have better stereoscopic vision than hypermetropes 
or myopes, the last-named being particularly poor in accommodation 
(Table II). 

Stereoscopic vision declines slightly with age. This confirms our 
previous findings (Campbell and others, 1948) in distance vision, but 
shows some improvement in accommodation (Fig. 6).. 


IN Dark ADAPTATION.—Stereoscopic vision is not so good on the 
average as in light adaptation, but was well maintained with a test 
object of brightness only 0-02 millil. Emmetropes are superior to 
hypermetropes and myopes, particularly in distance vision (Table III). 
Although 83 per cent. of young subjects have excellent stereoscopic 
vision in distance vision, there is a decline with age (Fig. 6). Myopes 
in Group C showed a noticeable failure to achieve stereoscopic vision. 


CONCLUSIONS 


IN LicHT ADAPTATION 

Fusion.—It appears that quite a high percentage of subjects fuse 
at 0° and do not exceed an angle of + 4°. The angle is not influenced 
by low errors of refraction, but increases with age. Accommodation 
to —1.50 dioptres causes a most noticeable increase in the angle of 
fusion, in that only 7 per cent. of our subjects continued to fuse at 0°, 
while 60 per cent. adopted an angle of +5° to +10°. This effect was 
most marked in older subjects. 


Adduction.—The common range of adduction is from 10° to 19°, 
being poorer in myopes and better in hypermetropes than in 
emmetropes. It increases in old age. 

Accommodation brings about only a slight increase in adduction 
if one allows for the convergent angle due to fusion. Hypermetropes 
and presbyopes show the greatest increase, while myopes are 
exceedingly poor in spite of the fact that they increase their angle of 
fusion to the same degree as do emmetropes. Subjects in Group C 
who have a natura) amplitude of only about 1.50 dioptres of 
accommodation fell into two distinct groups (those with “‘ good ” 
and those with “poor” adduction), yet they. showed a variation in 
fusion angle which was similar to that of early presbyopes (Group B). 


Stereoscopic Vision.—This was found to be remarkably good in the 
majority of subjects; it declines with age and is worse in hyper- 
metropes and myopes than in emmetropes. Accommodation slightly 
improves stereoscopic vision, mainly in hypermetropes. 

It appears then that stereoscopic vision is inversely related to fusion | 
and adduction, in the sense that the increase in the angle which 
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occurs in these functions (in old age, and in hypermetropia) is 
accompanied by a decline in stereoscopic vision. 

On examining the behaviour of a number of subjects with good 
and with poor stereoscopic vision, we found that there was no 
difference in the average fusion angle adopted, but that subjects with 
poor stereoscopic vision failed to increase their adduction under the 
stimulus of accommodation (Table II). 


IN Dark ADAPTATION.—The influence. of dark adaptation on 
binocular performance is comparatively slight, 


Fusion.—The normal subject adopts a rather more convergent 
angle of fusion in distance vision than he does in light adaptation. 
This effect is more pronounced in myopes and hypermetropes than 
in emmetropes (Table IV). 


Adduction.—This is practically uninfluenced. Myopes show an 
improved adduction in distance vision, as do subjects in Groups A 
and C when accommodating. Presbyopes do not adduct so well. 


Stereoscopic Vision.—This is not quite so good in distance vision, 
except in young subjects. It improves with accommodation. 
Subjects with poor stereoscopic vision show the same failure as 
in light adaptation to increase their adduction in response to 
accommodation (Table IV). 


It should be borne in mind that in the conditions of our experiments 
the illumination of the test slides was in every case above the 


TABLE IV 


RELATIONSHIP OF FUSION ANGLES AND ADDUCTION ANGLES WITH 
STEREOSCOPIC VISION IN NORMAL SUBJECTS 








| Stereoscopic Vision 
Light Adaptation Dark Adaptation 
Poor Good Poor Good 


Vision t 
No. of | Average} No. of | Average} No. of | Average} No. of | Average 
Subjects} Angle (Subjects; Angle (Subjects; Angle (Subjects! Angle 
(degrees) (degrees) (degrees) (degrees) 
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critical threshold, and that therefore the normal macular dominance 
was not disturbed. With a test object of brightness of not less than 
2 millilamberts it appears, therefore, that dark adaptation does not 
cause any appreciable alteration in binocular vision—other than the 
adoption of a convergent fusion angle, and a decline of stereoscopic 
vision. This applies to the subject who has substantially good 
binocular vision and good visual acuity; it is exemplified in the 
emmetrope. 

With advancing age the fusion angle becomes still more con- 
vergent; adduction fails, but stereoscopic vision remains good. The 
hypermetrope develops a convergent fusion angle immediately on 
entering the dark, and has poor stereoscopic vision while retaining 
good adduction. The myope is characterized by poor adduction, 
particularly when working at close range, and has very poor stereo- 
scopic vision. 


DISCUSSION 


These observations help to establish standards for binocular 
function in the normal adult, and may have some practical application. 
Three hazardous occupations, night-flying, night-driving, and coal- 
mining, are carried on in very low illumination. In comparison with 
the aviator, the night-driver and the coal-miner have the added 
disadvantage of being frequently subjected to “ glare ”’. 

Airmen are required to possess first class visual acuity and 
binocular vision, which is an important safeguard for successful 
night-flying. 

By contrast, the binocular vision of coal-miners is not tested 
at all, and although an amblyopic man or one with low visual 
acuity may remain at work underground for years, his actual 
efficiency is never challenged. We have had the opportunity of 
examining several hundred men certified as suffering from coal-miners’ 
nystagmus, and amongst those with no oscillations were many 
whose breakdown was mainly due to a failure of binocular vision, 
i.e, to the loss of adduction and the development of central 
suppression in one or both eyes. 

The usual time of breakdown is middle age, and high myopes and 
high hypermetropes are also found among those who have been 
certified in the absence of oscillations, which is not surprising in view 
of the fact that they have continued to work until middle age without 
wearing glasses. It is obviously desirable that a more careful visual 
examination should be made of entrants to the industry to lessen the 
wastage of experienced men in the prime of life. The disease 
carries a high incidence of psychiatric disorder, because of the hazards 
of the work and the sense of failure which ensues when a miner has 
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to leave the pit. The possession of good binocular vision would 
increase the miner’s confidence and efficiency. 

The night-driver occupies an intermediate position. His visual 
acuity is usually good, particularly if he is the driver of a public 
services vehicle, but his binocular vision and sense of stereopsis 
are not checked. It would be interesting to know to what 
extent visual defects are responsible for pit accidents and for road 
accidents which occur in darkness. 
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KERATOME AND SCISSORS* 
BY 
A. H. OSMOND 
Worthing 


THE problem of the perfect cataract section and how it should be 
made is prominent in the minds of ophthalmic surgeons. We are 
all aware that the success of a lens extraction is substantially 
dependent upon the accuracy of the section, and there are few of us 
who cannot recall tragedies or near-tragedies resulting from the 
improper opening of the eye. 

With this in mind, and in spite of average proficiency with a 
Graefe knife, I was prompted to try making the section with keratome 
and scissors, and having done so in some fifty cases, am convinced 
that it is the better method. I am well aware that the question of 
knife or keratome is an old one, and that most established surgeons 
have by now made up their minds in the matter, but my excuse for 
this note is that, having had better and more consistent results 
with the keratome, I felt that others might perhaps be interested 
in the several reasons which caused me to change my technique. 


EASE OF EXECUTION.-—A cataract section with a Graefe knife not only 
demands accuracy of accomplishment s»ztially, but also involves temporal 
considerations which do not apply to the keratome method. With the 
latter, subject only to the condition of the patient, the surgeon can take 
as long as he likes. There is no danger of the iris falling in front of the 
knife, there is no question of the knife being put in the wrong way round, 
and moreover, the surgeon need not be ambidexterous. I know that 
many surgeons, among them the leaders of the profession in Great 
Britain, consider that the keratome-and-scissors section is either for 
beginners only, or for those who cannot acquire the necessary skill with 
a Graefe knife, but it is surely more than significant that users of the 
keratome include Mr. Castroviejo of NewYork. No one who saw his 
films at the Sixteenth International Congress could suggest that he lacked 
either experience or manual dexterity, and I cannot therefore appreciate 
the teaching which, other things being equal, insists that a procedure 
should be done the more difficult way, when a simpler alternative exists. 





* Received for publication March 1, 1951. 
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EASE OF PLACEMENT.—The keratome section can be easily and con- 
sistently placed just in front of the root of the iris by reflecting a 
conjunctival flap and inserting the point of the instrument about 1.0 mm. 
behind the line where the conjunctiva fuses with Tenon’s capsule. There 
need be less concern about the depth of the anterior chamber; and 
an optimum section is made without an overhanging shelf. In this way 
one or more minute and really peripheral iridectomies can be performed, 
resulting in a coloboma which is hidden by the scleral spur or by an 
arcus senilis. 


CHOICE OF CORNEO-SCLERAL STITCH.—The keratome technique can be 
used in conditions in which it would be difficult or impossible to employ 
a Graefe knife on account of the danger or certainty of severing previously 
placed sutures; it therefore allows of a greater choice of corneo-scleral 
stitch, enabling the surgeon to find not only one which is truly appositional 
(many are not) but also one which best suits his temperament and 
technique. 


Ease OF MIND.—However experienced or confident the surgeon, there 
are bound to be occasional “ off days ” when a Graefe-knife section is 
not done as well as it might be. These “ off days” will vary according 
to individual factors, such as age, stamina, fatigue, temperament, etc., 
but I personally have found that the keratome section can be performed 
consistently well in spite of these considerations. Its ease of accomplish- 
ment brings a confidence of mind which in some lesser surgeons may make 
all the difference between failure and perfect success, and which is also of 
inestimable value when the section has to be done before an audience of 
critical onlookers—which by some is never lightly to be undertaken. 


I have found in practice that the healing of the keratome-and- 
scissors section is just as quick as of that with the knife, and that 
post-operative astigmatism is certainly no greater, ‘being generally 
about two dioptres. A sharp keratome is required, it is true, but 
even so the elaborate care which has to be lavished on the selection 
of a Graefe knife becomes hardly necessary. If a Graefe knife is 
blunt in tip or edge a tragedy may ensue, but a blunt keratome need 
only be exchanged for a sharp one, and that may even be done 
during the course of the operation. 

There need be nothing special about the scissors, provided that 
they are firm, of the right size, and sharp. My own preference is for 
the ordinary straight blunt-pointed conjunctival scissors, as I find 
curved or angled scissors awkward to handle. Care must be taken 
not to cut the iris, but this is not difficult, and becomes surprisingly 
easy with practice. A conjunctival flap of any size can be prepared 
beforehand, and if the section is extended to 180° the most swollen 
lens can always be drawn through without danger of capsule rupture. 

All in all, it seems that the only possible criticisms of the keratome- 
and-scissors method are that it necessitates the introduction of two 
instruments into the eye instead of one, and that it takes rather 
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longer to perform. With regard to the first objection, I do not 
believe that with modern antiseptic practice it is dangerous for a 
second instrument to enter the eye. Post-operative sepsis has become 
exceedingly rare and an occasional case is more likely to be due to a 
faulty dressing technique in the ward. In my whole series of 
keratome-and-scissors sections I have not so far had a single instance 
of post-operative infection. 

As regards the second objection; I have found that a little extra 
time in making the section is no disadvantage. Rather, it seems to 
me that the Graefe knife remains as a relic of the days when the 
section—and, in fact, the whole operation—had to be done quickly, 
before the patient moved his eye, “squeezed”, or generally lost his 
nerve; but with the modern practice of premedication, akinesia, 
retrobulbar injection, superior rectus stitch, and a calm approach to 
patient and operation, no limit, within reason, need be set to the 
time which can, if necessary, be taken. 

From nearly every point of view then—the ease of execution, 
accuracy of placement, choice of corneo-scleral stitch, consistency 
of results, and peace of mind—the keratome-and-scissors technique 
must surely be the better way. 
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SECRETION AND RATE OF FLOW OF AQUEOUS 
HUMOUR IN THE CAT* 


. BY 


MAURICE LANGHAM 
Ophthalmological Research Unit, Institute of Ophthalmology, London 


KNOWLEDGE of the means by which substances enter and leave the 
eye, usually referred to as “‘ aqueous-humour dynamics ”’, is essential 
for an understanding of the factors contributing to the control of 
the intra-ocular pressure. 

In non-living systems, when a membrane separates two concentra- 
tions of a substance in a solution to which the membrane is permeable, 
this substance travels across the membrane until the concentrations 
on either side are equal; chemical equilibrium is then said to exist. 
In the living state this type of equilibrium is seldom found; instead, 
a dynamic equilibrium occurs in which there is no further change in 
concentration of the solute across the membrane or barrier in spite 
of a difference of concentrations. An equilibrium of this nature is 
generally referred to as a “ steady-state ”. ‘The concentration of urea 
in the aqueous humour, for example, is less than in the blood plasma, 
which indicates that, so far as this substance is concerned, a chemical 
equilibrium does not exist. 

It is agreed that small quantities of aqueous humour are continually 
being formed and eliminated from the eye. In contrast to the 
complex problem of the formation of the individual components of 
the aqueous humour, elimination is thought to consist of a simple 
drainage in bulk, i.e., a unidirectional flow, involving no separation 
of its constituents. Experimentally, the determination of this rate 
of drainage has presented difficulties. The problem of maintaining 
the eye in a physiological condition precludes measurement of the 
rate of flow of the aqueous humour by the direct introduction of a 
cannula. The rate at which a slowly penetrating substance 
accumulates in the aqueous humour and the nature of the distribution 
ration in the steady-state may be used, with certain assumptions, to 
derive the approximate rate of flow of the aqueous humour, as has 
been shown by Barany and Kinsey (1949). In this connection, the 
ratio of the concentration of a substance in the aqueous humour 
and in the water of the plasma when the concentration in the aqueous 
humour is no longer rising, is generally known as the equilibrium 
ratio (Req). The rates of accumulation of cysteine and ascorbic acid 
have been studied from this viewpoint in the present work. 


* Received for publication May 1, 1951. 
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METHODS 

Experiments were carried out on cats weighing approximately 7 lb., nembutal 
solution being used as the general anaesthetic. Neutralized, isotonic solutions of 
ascorbic acid and cysteine hydrochloride were injected intravenously in order to 
maintain raised concentrations in the blood plasma. Owing to rapid loss of cysteine 
through the kidneys it was found necessary to ligature the renal arteries. Experimental 
results were rejected if the samples of aqueous humour contained significant amounts 
of protein. 

Analytical.—Solutions of ascorbic acid and cysteine were neutralized to pH 7.2 and 
diluted to an isotonic concentration immediately before the experiment. Ascorbic 
acid was estimated by a modification of the electrometric microtitration procedure of 
Mindlin and Butler (1938) in which a solution of 2.6 dichlorophenol-indophenol is used 
as oxidant. Cysteine was estimated by an application of a standard iodate technique. 
Although not specific for cysteine, this method was considered very suitable for the 
present study where marked increases in concentration of this substance in the blood 
plasma and the aqueous humour were being measured. The method comprised an 
initial precipitation of protein by 22 per cent. sulphosalicylic acid solution followed by 
the oxidation of the protein-free sample with an excess of standard iodate solution. 
The excess iodate was then used to liberate iodine from a potassium iodide solution 
which was estimated using a standard thiosulphate solution. Using the electrometric 
titration apparatus, the end point of the microtitration was determined colorimetrically 
with a starch solution as indicator. Estimation of either ascorbic acid or cysteine by 
the techniques described could be completed within 15 minutes of the withdrawal of 
the blood sample, which enabled the operator to keep a constant check on the con- 
centration in the plasma, and, when necessary, to adjust the rate of intravenous injection. 

The extent to which these substances are bound or adsorbed to the protein was 
investigated using a dialysis chamber as described by Davson and others (1949a, b), 
isotonic saline being employed as the equilibrating fluid. In neither case could any 
significant degree of absorption on to the plasma proteins be demonstrated. 

Theoretical.—The composition of the aqueous humour at any given time is determined 
by a balance between the rate at which substances enter and leave the aqueous humour. 
It is obvious that the rate at which a substance accumulates in a given time is given by 
the product of the constant of penetration (Ki, ) and the concentration in the plasma, 
less the product of the constant of penetration outwards (k,.:) and its concentration 
in the aqueous humour. 

In the case of a given solute this relationship may be expressed as a simple equation: 


oe iy Cie ae ROR, (1) 

At the steady-state equilibrium 
dC. 
Ba : 
aT ” 

hence Kou Cn Rey ) 

By substituting for Kout in equation (1) we have: 
dg. — Cag 
aT Kin (Cy Re 

which, on integrating between the limits of 7, and 7,, yields the equation: 
Req : Req Cp1 Pai Cua, 
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In the present study R,, and k;, have been determined, and -k,,, then calculated with 
the use of the above relationship between k in, Kout, and Req. 

It follows that, for a substance entering the eye by a simple diffusion process, Req 
will be independent of the concentration of the substance in the plasma. A simple 
diffusion process may thus be recognized by this fact. In contrast, for other modes 
of entry, whether by active transfer or! partly by active transfer and partly by diffusion, 
Req Will be determined not only by the concentration of the substance in the blood 
plasma but also by the capacity of the secretory mechanism. 

The above equations must be considered to represent the transfer mechanism as a 
first approximation only, for it involves assumptions which are not necessarily strictly 
true (Langham, 1949). In the present work, the limitations of the equations have been 
much reduced by using it only to compare R., for two substances entering the aqueous 
humour at a similar rate. 


RESULTS 


The concentration of ascorbic acid in the aqueous humour of the 
cat varies between 0.5 and 2.0 mg: per 100 ml., and the normal 
plasma values between 0.5 and 1.0 mg. per 100 ml. In the rabbit, 
on the other hand, the concentration in the aqueous humour is some 
thirty times higher than in the plasma (Kinsey, 1947). Thus, 
although the concentration of ascorbic acid in the aqueous humour 
of the former animal is very much less than that found in the rabbit, 
there is evidence of accumulation on a smaller scale, the equilibrium 
ratio having a value equal to or even greater than unity. The iodate 
method showed that the aqueous humour of the cat contains an 
equivalent of 1.0 to 2.0 mg. of cysteine per 100 ml. (ten experiments). 
Blood samples were always taken before the commencement of the 
experiment in order to make the necessary adjustment. Corrections 
in the case of the aqueous humour were made by taking an average 
value of 1.5 mg. per 100 ml. The equilibrium distribution ratios for 
cysteine and ascorbic acid are recorded in Tables I and II. The first 
sample of aqueous humour was withdrawn at the end of 34 hrs and 
the second after 44 hrs. The results for cysteine indicate that the 


TABLE I 


DISTRIBUTION OF CYSTEINE BETWEEN AQUEOUS HUMOUR AND 
PLASMA IN THE CAT 














Plasma Range Reg, Rea, 
23—28 0.58 0.52 
30—35 0.35 3 0.35 
35—40 0.41 0.38 
40—45 0.45 — 
70—75 0.43 0.45 





Mean: 0.43 + 0.03 (9) 





Results in the tables are expressed in mg. per cent. Averages are expressed as an 
arithmetic mean plus the standard error for n number of experiments (in brackets). 
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TABLE II 


DISTRIBUTION OF ASCORBIC ACID BETWEEN AQUEOUS HUMOUR 
AND PLASMA IN THE CAT 
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60—65 
50—55 
75—80 
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Plasma Range Rea, Rea, 
10—12 0.58 0.64 
7—9 0.59 0.60 

10—12 0.65 — 
15—18 0.48 0.50 
0.66 












Mean: 0.59 + 0.041 (8) 















0.20 0.22 
0.28 0.30 
0.35 0.30 


0.22 0.24 


















Mean: 0.26 + 0.019 (8) 











co. Wed ew se 8s es 


>. sae 


eee wee 


~~ 


value of the equilibrium ratio is independent of the concentration of 
cysteine in the plasma, a finding suggestive of a simple diffusion 
process. In contrast, the equilibrium value was found to decrease 
with a rise in the concentration of ascorbic acid in the plasma. This 
result suggests an entry both by active transfer and by diffusion. The 
capacity of the former process is readily saturated, thus allowing the 
process of simple diffusion to govern the value of the equilibrium 
tatio when the concentration of ascorbic acid in the plasma is high. 

The coefficients of transfer from the plasma to the aqueous humour 
(kin) were derived from short-term experiments, the first aqueous 
humour being withdrawn after 20 minutes and the second after 
40 minutes (Table III). High concentrations of ascorbic.acid in the 
plasma were used in these experiments to minimize the contribution 
of secretory activity. Values of Kout were derived from kin and Req. 


TABLE III 
COEFFICIENTS OF TRANSFER (ki,.) FROM PLASMA TO AQUEOUS 















See see S tit bere ee 
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Mean: 2.8 
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Mean: 11.8 + 3.1(6) 
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DISCUSSION 


Measurements of the rates at which substances in solution enter 
and leave the aqueous humour, and a more accurate knowledge of 
the relative distribution of such substances between the aqueous 
humour .and the blood plasma in the steady-state, have led to a 
conception of the dynamics of the aqueous humour in which secretion 
or active transfer into the eye, and a flow in bulk of fluid out of the 
eye, play important roles. The low ratios found for cysteine and 
ascorbic acid at the steady-state when the concentration of ascorbic 
acid in the plasma is high lend further support to this view. 


Whilst water passes readily from the tissues bounding the anterior 
and posterior chambers of the eye into the aqueous humour, solutes 
enter mainly from the ciliary region. Substances strongly soluble in 
water (e.g., ions) are thought to pass into the posterior chamber 
mainly through the intercellular spaces of the ciliary process by 
diffusion, or by active transfer across the cell membranes. “ Active. 
transfer” may be defined as the passage of a substance across a 
biological membrane in such a way’ that work is done to perform the 
transfer. It might be noted in this connection that the term 
“secretion ”’ is often used to describe active transfer, although 
formerly it was more generally restricted to describe the expulsion of 
a substance from a cell in which it had been synthesized. In its most 
simple form active transfer may be recognized as a movement of a 
substance across a biological membrane against a concentration 
gradient, resulting in an increase of the equilibrium ratio above that 
demanded by a simple diffusion process, or a Gibbs-Donnan 
membrane equilibrium. This is illustrated. in the rabbit, in which 
ascorbic acid injected into the blood stream passes into the aqueous 
humour although the concentration is higher than in the plasma 
(Bietti, 1935; Kinsey, 1947; Langham, 1950). In the resting state 
the equilibrium ratio may be as high as 30, but with an increase in 
the concentration of ascorbic acid in the plasma this value tends to 
decrease, a fact which suggests a saturation of the secretory process. 
In the present work on the cat, the value of the equilibrium ratio was 
found to decrease from a value greater than unity in the resting state 

(0.5 to 1.0 mg. per 100 ml. blood plasma) to approximately 0.26 
when the concentration in the plasma was maintained at 50 to 60 mg. 
per 100 ml. This result suggests that the entry of ascorbic acid is 
dominated by secretion at low, and by diffusion at high, concentra- 
tions in the plasma. 

The suggestion that substances may enter the aqueous humour of 
the cat by either simple diffusion, active transfer, or a combination of 
both, provides further confirmation of the complexity of the blood- 
aqueous barrier. This is in agreement with the work of Davson 
and others (1949a, b), who, on the basis of extensive dynamic studies 
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on the cat, concluded that the barriers separating the intra-ocular fluid 
from the-blood plasma possess a selectivity capable of discrimination 
on the basis of chemical structure as well as of molecular size. They 
found that, in general, nitrogen-containing molecules entered the eye 
more slowly than similar-sized non-nitrogenous molecules, é.2., the 
monosaccharides enter the eye more quickly than glycine and urea. 
The observation by Davson and others (1948) that sodium chloride 
is in a higher concentration in the aqueous humour of the cat than is 
demanded by the Gibbs-Donnan equilibrium is of interest tn that it 
provides further evidence of secretory activity across the barrier. 

It is established that there is a circulation of the aqueous humour 
into and out of the eye, but less equivocal are the conclusions 
concerning a flow in bulk from the anterior chamber. {n the absence 
of a through-and-through circulation of the aqueous humour, the 
distribution ratio for a molecule which is not metabolized, such as 
urea, would equal unity, and for an electrolyte its value would be 
determined by the demands of the Gibbs-Donnan membrane 
equilibrium. In the rabbit, Kinsey and Grant (1942) confirmed that 
urea has a low distribution ratio (i.e., in steady-state conditions the 
concentration of urea in the aqueous humour is less than in the 
plasma), and then used it to calculate the rate of flow or bulk drainage. 

More recently, these results have been confirmed by Bérdny and 
Kinsey (1950), who demonstrated that the slowly penetrating non- 
metabolized molecules, p-amino hippuric acid, rayopake, and 
diodrast, leave the aqueous humour of the rabbit at the same rate 
as the sodiumion. Further evidence for the concept of bulk drainage 


in the rabbit has recently been reported by Weekers and Prijot (1950) 


and Greaves and Perkins (1951), who have demonstrated the presence 


of aqueous veins in this animal. | 

A calculation of the rate of flow of the aqueous humour from a 
knowledge of the constant of entry and equilibrium ratio involves 
making an assumption about the manner by which the fluid lost by 
flow and bulk drainage is replaced in the aqueous humour. Recent 
investigators have assumed that the rate of replacement may be 


calculated as the product of a factor a and the rate of drainage 
(Palm, 1948; Barany and Kinsey, 1950); following this assumption 


it may be deduced that the limits of a are from 0 to Req for a 


substance that enters by diffusion. On this basis the present results 
have been used to compute rates of flow: 
k flow for ascorbic acid = 0.0093 — 0.0124 
k flow for cysteine = 0.012. — 0.022 
The average volume of the aqueous humour of the cat is-1.0 ml., 


which means that the rate of drainage is between 10 and 20 mm.* per 
minute. This represents between } and 2 per cent. of the volume of 
the anterior chamber per minute, a rate of flow corresponding to 
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the value of 1.1 per cent. per minute found by Barany and Kinsey 


(1950) in the rabbit. The average volume of the aqueous humour of 
the rabbit is 0.25 ml., and it is therefore of interest that although 
the volumes of the aqueous humour in the two species are widely 
different, the percentage turnover fate 1s approximately the same. 

It is suggested, on the basis of the present experimental work, that 


the formation of the aqueous humour of the cat depends on secretory 
activity in addition to a filtration-diffusion mechanism, while loss of 


aqueous humour occurs partly through drainage in bulk and partly 
through simple diffusion. The rate of flow of the aqueous humour 
under these conditions will be determined by the patency of the 
drainage routes as well as by the hydrostatic, osmotic, and secretory 
pressures acting across the barrier. Analogously, the intra-ocular 


pressure will be determined by the balance between the formation 
and loss of the aqueous humour. 


SUMMARY 


(1) A study has been made of the relation between the equilibrium 


ratio (Req) and the concentration of ascorbic acid and cysteine in the 
plasma in the cat. These results suggest that cysteine enters the 


aqueous humour by simple diffusion, while the entry of ascorbic acid 
is determined by active transfer for low concentrations of ascorbic 


acid in the blood plasma, and by diffusion at high concentrations in 
the blood plasma. 


(2) The low equilibrium distribution ratios found for both cysteine 
and ascorbic acid add further proof to the conception of a flow of 


aqueous humour in the cat. | 

(3) The rate of flow of the aqueous humour has been calculated 
from a knowledge of the equilibrium ratio and the coefficient of 
transfer from the blood plasma to the aqueous humour. 


af should like to thank Sir Stewart Duke-Elder and Dr. Davson for their interest 
and advice, and also Dr. Klima who assisted in some of the experimental work. 
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B.C.G. VACCINE AND PHLYCTENULAR 
KERATO-CONJUNCTIVITIS* 


BY 


F. J. DAMATO 
Malta 


THOUGH the aetiology of phlyctenular conjunctivitis is doubtful, 
evidence has been accumulating that the phlyctenule (a solid pustule) 
is an allergic anaphylactic phenomenon. The sensitizing agent is a 
protein and is endogenous and of bacterial origin. Various proteins, 
such as the gonococcal protein may give rise to phlyctenules, but the 
tuberculo-protein is the most frequent and obvious (Duke-Elder, 
1938). 

Guillery (1921) found that phlyctenules could be produced by 
sensitizing non-tuberculous rabbits and then injecting tuberculin. 
A similar phenomenon has been appearing lately in these Islands 
following upon mass vaccination in the early months of 1950 of 
young people between the age of 2 and 18. 

The B.C.G. vaccine is produced® from a bovine type of tubercle 
bacillus, after it has been cultured for 13 years in a special medium. 
Though the bacillus loses its power to produce tuberculous disease, 
it retains the power of the tubercle bacillus to develop a relative 
immunity against tuberculous disease. 

Only persons showing no reaction to a tuberculin test, that is 
non-reactors to tuberculin, were B.C.G. vaccinated. In the Malta 
campaign the Adrenaline-Pirquet test was used. This consists of 
standardized tuberculin (1.7 times international standard), to which 
adrenaline has been added. The non-reactors have either too few 
antibodies to afford any protection against tubercle bacilli, or no 
antibodies at all because they have never been infected or because 
the infection occurred a long time ago. These non-reactors are con- 
verted to reactors by means of the B.C.G. vaccine. A reading of the 
test is made on the 3rd day, when positive reactions show an area of 
infiltration of at least 4 mm. (Weidemann, 1950). Several methods 
of administering the vaccine have been employed, and the standard 
intradermal method has been found to ~be the best. After an 
intradermal injection of the B.C.G. vaccine, what one might call a 
normal “ B.C.G.-itis” occurs. There is multiplication of the bacilli 
at the site of the injection, early propagation of the bacilli to the 


* Received for publication March 19, 1951. 
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regional lymph glands and dissemination of the B.C.G. by way of 
the blood to the entire organism. Very small foci are created in 
different organs and finally allergy develops (Ustvedt, 1949). 


CLINICAL OBSERVATIONS 


In June, 1950, a private patient consulted me about her 6-year-old daughter, who was 
complaining of irritation and watering of the right eye. On examination, there was a 
phlyctenule at the limbus, surrounded by the usual injection of the blood vessels of the 
bulbar conjunctiva. A remark by the mother that her daughter had been B.C.G. 
vaccinated 2 weeks before, suggested to me a possible relation between the vaccine and 
the appearance of the phlyctenule. 

I subsequently saw ten cases of phlyctenular kerato-conjunctivitis, all of them B.C.G. 
vaccinated and still showing a small pustule on the arm or on the back. The time 
between B.C.G. vaccination and the appearance of the phlyctenular kerato-conjunctivitis 
varied from 2 to 6 weeks. The ages of the children were between 4 and 8 years. Chest 
x rays were taken in all these cases. No pathological changes were found, but two 
cases showed engorgement of the hilar glands. The usual site of the phlyctenule 
was at the limbus. One case showed a phlyctenule on the cornea just within the 
limbus, and another a phlyctenule on the ‘ocular conjunctiva. The number of 
phlyctenules was usually one. The marked subjective symptoms were the main reason 
why these children were brought for examination. All cases responded very well to 
treatment by gutt. sulphacetamide 30 per cent. instilled 3-hourly and ung. H.O.F. 
twice a day. In only one case was there a recurrence of the phlyctenular conjunctivitis. 


DISCUSSION 


Lately, the incidence of kerato-conjunctivitis phlyctenularis in these 


Islands has been very low and all the recent cases I have seen were 
in children who had not had B.C.G. vaccination. Pdalsson (1943) 
reports the occurrence of phlyctenules at the time of conversion 
in some individuals vaccinated by the B.C.G. vaccine, and a case of 
kerato-conjunctivitis six weeks after B.C.G. vaccination was reported 
from Poland (Ustvedt, 1949). 

Another clinical phenomenon accompanying the injection of the 
B.C.G. vaccine and the conversion of a subject from non-reactor to 
a reactor is the appearance of “‘ erythema nodosum”. Almost all 
the cases concerned showed both a constitutional and familial 
disposition to the erythema, but perhaps the relatively weak allergy 
produced by the vaccine might have been sufficient to elicit the 
erythema (Imerslund, 1943). In the same way, though the 
possibility of the phlyctenules as a pure B.C.G. effect cannot be ruled 
out, a constitutional and familial disposition might have something 
to do with the appearance of phlyctenular conjunctivitis. 


CONCLUSIONS 


The relation between the B.C.G. vaccine and the appearance of 
the phlyctenules affords one more proof that the kerato-conjunctivitis 
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phlyctenularis is of an allergic origin and that the sensitizing agent is 
atuberculo-protein. If we are to judge from the present low incidence 
of phlyctenular conjunctivitis, the relative immunity built up by the 
B.C.G. vaccine is working well and proving to be of value. 
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CASE NOTES 


INFECTION OF THE CORNEA WITH 
~ B. PYOCYANEUS* 


CLINICAL STUDY AND SUMMARY OF TEN CASES 
PERSONALLY OBSERVED 


BY’ 
JOHN L. BIGNELL 
Moorfields, Westminster and Central Eye Hospital, London (Moorfields Branch) 


CorRNEAL ulcers of a very severe nature and recognizable clinical 
appearance are caused by infection with Bacillus pyocyaneus. 
Practically the only severe corneal ulcers (i.e., those involving loss of 
the eye, or states approaching this, within a day or so of admission) 
seen at the Moorfields Branch in the course of a year were due to 
this organism. The typical history is as follows: 

The patient has a minor injury or abrasion with or without removal of 
a foreign body from the cornea. Approximately 3 days later a severe, 
painful corneal ulceration arises with opaque dead-white centre and 
perhaps an hypopyon. This extends rapidly, at first without breaking 
the surface epithelium and then with central superficial necrosis, and 
leads to a later stage with a dead-white ring of infiltration and semi- 
transparent central area. 

The opportunity of observing, in epidemological form, several 
cases of corneal infection with B. pyocyaneus is rare. The severity 
of these infections has been emphasized by Joy (1942) who reviewed 
64 cases found in the literature; loss of the eye or loss of useful 
vision occurred in nineteen of the 23 reported since 1922. His 
experimentally produced B. pyocyaneus ulcers in rabbits were healed 
in 57 per cent. by oral administration of sup honamncet4 no human 
case being treated. 


Brown (1943) added three more cases; the affected eye in two was 
enucleated and in the other the eye, although saved, had greatly 
reduced vision after sulphonamide therapy. 

Juler and Young (1945) treated a case with penicillin without 
effect. Maschler (1948) reported a case treated heroically with . 
penicillin, streptomycin, and Saemisch section, the eye being retained 
in the orbit. Pendexter (1948) reported a case of corneal ulceration 
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with B. pyocyaneus treated with penicillin drops and intramuscular 
penicillin ; the ulcer healed and, 3 months after onset, vision reached 


20/200. 


CASE REPORTS 


Cases 1, 4, 5, and 6 all came from the employees of one industrial 
concern, and the last four cases all came from another similar source. 
The cases in one of these groups all occurred within“a short period, and 
communication with the source resulted in the avoidance of further 
infection. 


Case 1. J. G., male, aged 42.—He was admitted on January 19, 1950, with a history 
of a foreign body in the eye when using a grindstone 10 days before. The foreign 
body was removed at work, but the eye became progressively sore and on admission 
he had a corneal abscess 7 mm. in diameter, and 1-mm. hypopyon. Vision in this eye 
was perception of light. He was tredted with subconjunctival penicillin and strepto- 
mycin as well as with systemic sulphonamides and penicillin. A culture report on January 
14 revealed the presence of a heavy growth of B. pyocyaneus. He was discharged on 
February 21, when the eye was soft and the vision was perception of light only. 


Case 2. L. E., male, aged 27.—Admitted on February 19; 1950, with a history of 
having had a foreign body removed from the right cornea 3 days previously. On 
admission vision was 6/9 in the left eye. There was a typical corneal ulcer and 2-mm. 
hypopyon present in the right eye. Culture showed a heavy growth of ‘B. pyocyaneus, 
this being sensitive to aureomycin and sulphanilamide but resistant to streptomycin 
and albucid, the latter being in weak solution. He was treated with subconjunctival 
penicillin prior to culture report coming to hand and then with gutt. streptomycin 
and gutt. aureomycin half-hourly. The ulcer healed and the patient was discharged 
on March 15, 1950, vision in the right eye being 6/24 with —1.0 D sph., and +4.0 D cyl. 
at 60°. The upper margin of the ulcer was just approaching the pupil area. (This 
case was from the same source as Cases 8, 9, 10, and 11.) 


Case 3. G. B., male, aged 67.—Admitted on March 7, 1950, stating he had had a 
painful right eye for 3 days. On admission he had a large corneal ulcer with infiltrated 
edges and large descemetocele. Visjon was no perception of light. Culture of the 
conjunctival sac was sterile. This eye was eviscerated on March 8, 1950. The cornea 
on section showed a perforating corneal ulcer, and methylene blue revealed the presence 
of numerous ? diplobacilli, morphologically similar to B. pyocyaneus. ‘ The appearance 
of the corneal ulcer was quite typical. 


Case 4. L. P., male, aged 57.—Admitted on March 20, 1950, having been struck 
in the right eye 3 days previously, when ‘‘ something ” was removed from the cornea 
and drops were put in. This right eye became progressively sore and on admission 
he showed a large sloughing ulcer of the cornea with exudation and 2-mm. hypopyon 
in the anterior chamber. Culture finally grew B. pyocyaneus which was resistant to 
penicillin, streptomycin, and aureomycin.” Treatment was with sulphonamides orally, 
subconjunctival streptomycin, and aureomycin drops, and‘the patient was discharged 
on April 4, when the healed ulcer 4 mm. in diameter was beginning to vascularize 
from the limbus. On November 21, 1950, the eye was white and the vision 6/18. 


Case 5. W. P., male, aged 48.—When seen on March 23, 1950, he gave the history 
of having had a foreign body removed from his right eye 4 days before, and sub- 
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sequent treatment with penicillin drops. Vision in the right eye was perception of 
light only, and a large opaque white corneal ulcer was present with half hypopyon. 
A purulent conjunctival discharge was present as well as some degree of proptosis. 
Treatment with oral sulphonamides and subconjunctival penicillin was instituted. 
On March 25, 1950, the right anterior chamber was washed out. On March 27, 
the right eye was eviscerated. The patient was discharged on April 17, 1950, with 
only a small amount of discharge from the socket, persisting for almost 3 weeks. 
The culture from the conjunctival sac taken shortly after admission revealed a heavy 
growth of B. pyocyaneus sensitive to albucid and sulphathiazole, and slightly sensitive 
to sulphonanilamide (these in varying concentrations). 


Case 6. L. G., male, aged 33.—Was seen on July 1, 1950, having had a foreign 
body removed from the right cornea at 5 o’clock, 2 mm. from the limbus, 3 days 
previously; a slight infiltration around the unhealed ulcer was present. On July 3 a 
spreading infiltrating ulcer was present with a l-mm. hypopyon. Penicillin was injected 
subconjunctivally. Culture from the conjunctival sac on this day grew B. pyocyaneus 
in pure growth. Endophthalmitis rapidly spread within the globe and on July 12 the 
eye was eviscerated. The cornea was examined pathologically, and revealed spread 
through the superficial :lamellae predominantly, penetration of the cornea being present 
at one point only. The Gram-stained section showed the presence of Gram-negative 
organisms. 

Case 7. B. G., male, aged 19.—Was admitted on August 5, 1950, with a history of 
having been using a hammer and chisel when something had struck his left eye 36 hours 
before. A small perforating corneal wound was found at the limbus, 3-mm. hypopyon 
was present, and a yellow reflex was seen in the pupil area. He was treated with 
penicillin subconjunctivally and sulphonamides orally. Four days later his left cervical 
glands were swollen and his general condition was deteriorating. On August 14, the 
left eye was eviscerated. Culture from the left conjunctiva grew B. pyocyaneus, while 
the vitreous culture showed free growth of the same organism. The use of intra- 
muscular streptomycin was followed by the rapid subsidence of the orbital oedema 
and glandular swelling. 

Case 8. S. W., male, aged 24.—Was admitted on December 7, 1950, having had a 
foreign body removed from his left cornea and penicillin drops instilled 2 days previously. 
A typical ulcer with white infiltration 5 x 3 mm. in area was present and the iris was 
seen through the cornea only hazily. Subconjunctival streptomycin 0.5 g. was injected 
daily. Two days later, no hypopyon being present and the cornea much improved, 
the streptomycin injections were stopped. Three days later a rapid recrudescence 
occurred for a period of 12 hours, during which the ulcer occupied almost all the 
cornea. Treatment by streptomycin, both by drops and subconjunctivally, was instituted. 
Culture revealed a coliform organism resembling B. pyocyaneus. The ulcer cleared 
and on January 9, 1951, the patient was discharged with a large healed corneal opacity, 
slight vascularization from the superficial vessels, and the cornea thinned. over this 
region. Vision in the left eye was 6/36, lenses being of no assistance. (Having been 
admitted on the same day, from the same source, with similar clinical appearances and 
course as the next, this case has been included despite the lack of final differentiation 
of the coliform organism.) 


Case 9. P. N., male, aged 27.—Was admitted on the same day as Case 8 (i.e., 
December 7, 1950) having had a foreign body removed at the same place. He came 
with a typical infiltration 3 mm. in diameter in the left cornea. Treatment with sub- 
conjunctival streptomycin and streptomycin drops was instituted and 3 days later 
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there was a pin-point of infiltration remaining. Treatment was stopped and after 
3 days there was an acute exacerbation of the condition for a period of 12 hours, and 
a large infiltrated area, including hypopyon, developed until it occupied half the 
corneal area. The original culture had been negative, but the culture taken at this 
time revealed B. pyocyaneus in pure growth. Treatment with subconjunctival strepto- 
mycin was instituted, the hypopyon disappeared, the cornea became much clearer, and 
the white infiltration disappeared. This patient denied perception of light, despite 
an active pupil on direct light stimulation, and was discharged 3 weeks after admission. 

Case 10. W. H., male, aged 71.—Admitted on December 13, 1950, with a history 
of having had a foreign body removed from the cornea 7 days before at the same place 
as Cases 8 and 9. His left eye showed a perforating corneal ulcer with white edges, 
and vision was perception of light only. He was treated with subconjunctival strepto- 
mycin and streptomycin drops, and the hypopyon cleared rapidly. The anterior 
chamber reformed and on discharge he had a large healed ulcer of the cornea including 
iris pigment. A shallow but well-formed anterior chamber was present. The lens 
was cataractous and the vision was hand movements with accurate projection. This man 
also showed total loss of abduction of the left-eye on admission, but this had practically 
cleared by the time he was discharged. 

Case 11.—Another patient with a typical corneal ulcer sent from the same source 
as the three previous cases (8, 9, 10) was seen on December 7, 1950, but was 
referred to another hospital for treatment as no bed was available. 


DISCUSSION 


The relatively good results of the last four compared with those of 
the first seven cases indicate the importance of early clinical recognition 
of this condition. In the majority of cases the Bacillus pyocyaneus was 
sensitive to streptomycin, and this, used subconjunctivally in doses 
of 0.5 g. daily until the ulcer was apparently healed, and guttae 
streptomycin hourly until no dead-white infiltration remained, 
seemed here to be the treatment of choice. The discontinuance of 
this intensive treatment before the dead-white areas had disappeared 
resulted in two cases of severe recrudescence which did not show 
itself until 2 to 3 days after the drug was stopped. Two sets of four 
patients, among the eleven cases reported, came from only two 
separate sources; this leads to a further plea for the regular steriliza- 
tion of guttae penicillin bottles, where these drops are used as a 
routine prophylactic measure in the treatment of corneal abrasions. 


CONCLUSIONS 


(1) Typical corneal ulcers, clinically recognizable, are caused by 
infection with B. pyocyaneus. 

(2) Immediate treatment with streptomycin. subconjunctivally 
followed by frequent instillation of drops was effective when used in 
this series. 

(3) This treatment must be continued despite an apparent arrest of 
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the process until no dead-white patches can be seen, and also despite 
the angry appearances of the conjunctiva. 


(4) That the possible source of infection is in bottles of penicillin 
' drops is only implied, but a plea may be advanced for frequent 
sterilization of such bottles when the penicillin i is used as a routine 
measure. 


SUMMARY 


The typical clinical appearance of corneal ulcers due to Bacillus 
pyocyaneus infection is described, and the record of ten cases 
personally treated in routine work is presented. The importance of 
clinical recognition and institution of early and continued adequate 
treatment is indicated for the saving of the eye. 


My thanks are due to the Surgical Staff of the Moorfields, Westminster and Central 
Eye Hospital, City Road, E.C.1. (Moorfields Branch) for permission to draw on their 
clinical material, and to the Director, Department of Pathology, Institute of Ophthal- 
mology, for the culture reports. 
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MULTIPLE ANEURYSMS OF THE RETINA* 


BY 
NORMAN ASHTON anp DOUGLAS LANGLEY 
Institute of Ophthalmology, London 


CasE REPORT 


A man aged 37 years was referred to hospital on account of defective 
vision in his right eye. He had no knowledge of any injury or 
inflammation in this eye, and had not realized that it was defective 
until he was medically examined for the Navy at the age of 18 years, 
since when the vision had not altered, His genera} health was good, 
and there was no family history of defective sight. 


Ophthalmological Examination 
R.Y. = 3/60, not improved with + 0.5/ +1 ax 90. 
L.V. = 6/6, -0.5/ +0.75 ax 105 = 6/5. 

The left eye was norma). 

The right fundus showed choroido-retinal degeneration at the macula and nasal 
periphery. Numerous fusiform, saccular, and sausage-shaped aneurysms of the retinal 
veins and arteries, and capillary micro-aneurysms were seen, mainly below and tempora) 
to the macula. Similar clusters of small aneurysms were present in the periphery at 
one and three o’clock, associated with branches and tributaries of the superior temporal 
artery and vein and the superior nasal vein respectively. 

The fundus drawing (Figure) shows that a division of the superior temporal artery runs 
temporally with an area of parallel sheathing; it exhibits several fusiform aneurysms 
and becomes tortuous and dilated, to return below the macula, ending in a series of 
sausage-like dilatations, and crossing the tributaries of the inferior temporal vein 
which have themselves undergone aneurysm formation. Having crossed the venous 
tributaries, this vessel appears to have communicated with the macular branch of the 
inferior temporal artery, which also shows parallel sheathing and bears two aneurysms 
and a small area of scarring which suggests the site of another aneurysm. The majority 
of the micro-aneurysms are seen in the region where the recurrent superior temporal 
artery crosses the tributaries of the inferior temporal vein. 


General Investigations —There was no evidence of aneurysms elsewhere in the body 
and radiographs of the skull and chest revealed no abnormality other than a healed 
tuberculous focus in the right upper lobe. The urine was sugar free, and a glucose 
tolerance test showed a normal blood sugar curve with no glycosuria. Wassermann, 
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Ficure.—Drawing of right fundus showing micro-aneurysms and old 
choroido-retinitis. 
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Kahn, and toxoplasmosis tests (cytoplasm modifying dye test and rabbit-skin test), 


were negative. The erythrocyte sedimentation rate was 6 mm. in the first hour. A 
complete blood count showed no abnormality. 


DISCUSSION 


It is now known that retinal aneurysms occur either as an 
expression of abnormal vascular growth, as in angiomatosis retinae 
(Snell, 1927), or as the result of vascular degeneration due to inflam- 
matory, toxic, or nutritional causes. This patient’s fundus, as 
accurately depicted in the drawing, shows evidence of an old choroido- 
retinitis, and it is reasonable to suppose that this condition gave rise 
to the periarteritis and periphlebitis of which there is still evidence in 
the parallel sheathing. In a recent study of the incidence of retinal 
micro-aneurysms in the non-diabetic subject (Ashton, 1951), it was 
found that these occur not uncommonly in choroido-retinitis and 
can readily be seen in the injected retinae from such cases. The gross 
aneurysm formation seen here is, of course, a rarity, and is 
probably related to the severity of the original condition. The 
tortuous and dilated vessel, which appears to connect the superior 
temporal arteryand the macular branch of the inferior temporal artery, 
may have arisen from a thrombus in the latter vessel. The sub- 
sequent degenerative changes in the vessels beyond the obstruction 
led to the localized and massive formation of aneurysms, when the 
circulation became re-established from the superior temporal artery, 
through distended pre-existing capillary connections. 

Similar cases have been described. Story and Benson (1883) 
and Story (1886) watched the development of both venous and 
arterial aneurysms in the upper temporal quadrant of the right 
fundus in a patient aged 20 years; these changes were associated with 
much fibrous thickening along the vessels, so that in places the blood ° 
column could hardly be seen. They thought the condition unique 
but there is no report of a general physical examination and the 
possible aetiology was not discussed. Doyne (1896) reported a case 
in which aneurysms associated with a plugged beaded vessel were 
seen in the macular region; there was a white floccular appearance 
beneath the level of the retinal vessels surrounding the macula. 
Here again there was no indication of the aetiology, but there was a 
history of fever and the condition might well have been of inflam- 
matory origin. Fisher (1903) noted a similar condition in a patient 
aged 13 years; he described aneurysmal dilatations on the vessels 
immediately beyond the macula in an upward and outward direction, 
with white patches of retinal degeneration in the temporal and upper 
nasal peripheries. These changes were progressive. Fisher was 
unable to state the cause of the disease but there was a history of 
rheumatic fever and a family history of tuberculosis, and thus this 
case also may have been of an inflammatory nature. 
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From the pathological point of view, therefore, choroido-retinitis 
appears to be the most likely underlying cause of this patient’s 
fundus appearances but there is nothing in the clinical or pathological 
examination to suggest its exact aetiology. 


SUMMARY | 


A case of multiple aneurysms of the retina in a male patient 
aged 37 years is described and the aetiology discussed. 
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PYOCELE OF THE ORBIT FOLLOWING FRACTURE 
OF THE MAXILLA* 


BY 


F. N. SHUTTLEWORTH anp P. F. KING 
From Princess Mary’s R.A.F. Hospital, Halton 


THE following case is described because of its interest, and because 
no description of a similar case has been found in the literature 
either of ophthalmology or of otorhinolaryngology. 


CASE REPORT 


T.R.T., male aged 27 years, was seen at this hospital as an out-patient in August, 1950. 

History.—He stated that for the past 3 years the left eye apparently turned upwards 
after he had been in a draught or when he had a cold. On these occasions he never 
saw double, although there was an obvious area of sclera showing above the left lower 
lid. On one occasion the condition was diagnosed as angioneurotic oedema, and 
treated with antihistamines with apparent success, although there was a subsequent 
relapse. In February, 1950, the condition recurred again, and the left eye became 
steadily more elevated. Enquiry was made as to the possibility of local trauma, and 
the patient revealed that in 1943 he received a kick in the left cheek while playing Rugby 
football, which resulted in a “ black-eye ” but no other ocular symptoms. In 1944, 
he was struck above the left eye by a flying discus. He had never correlated either 
accident with his ocular symptoms. 





Fic. 1.—Left eye before operation: 


Clinical Findings.—The first impression was one of left hypertropia, but examination 
showed the left eye to be raised almost } in. above its fellow (Fig. 1). _ There was no 
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diplopia, ocular movements were full, the fundi were normal, and corrected vision 
right and left was 6/5. There was no proptosis. The left lacrimal sac was patent. 
The pupils were equal and both active. 


Palpation of the left lower orbital margin disclosed a “‘ step” in the middle third; 
a soft, smooth mass could be palpated in the floor of the orbit above the outer three- 
quarters of the orbital rim. There\was no depression of the left malar bone, and no 
anaesthesia in the distribution of the infra-orbital nerve. It was obvious that the eye 
was lifted by a tumour. Examination of the nose showed an allergic rhinitis, and no 
evidence of pus or polypi. 



















Fic. 2.—X ray of nasal sinuses. 


X-ray Examination—A radiograph of the nasal sinuses (Fig. 2) showed the 
following: 


(1) Fluid level in right antrum. 


(2) Markedly thickened lining membrane of upper outer angle, extending along roof 
of left antrum. 


(3) Old fracture of floor of left orbit just lateral to infra-orbital foramen, with 
fracture ‘of lateral wall of antrum, and some rotation of the body of the malar. 


(4) Dim shadow in floor of left orbit. 

















PYOCELE OF THE ORBIT 429 


Proof Punctures of Antra 
Left ... a ... Clear 
Right ... fe ... Clear straw-coloured fluid. 

Diagnosis.—In view of the history and clinical findings, the diagnosis was made of 
mucocele of orbit, secondary to fracture of left maxilla, the fracture of the maxilla having 
no doubt occurred in 1943, 

Operation.—It was decided to attempt removal of the mucocele, and as a preliminary 
step, in order to determine the state of affairs inside the antrum, a left Caldwell-Luc 
antrostomy was performed under general anaesthesia on October 23, 1950. At 
operation, a well-defined fracture line in the lateral wall of the antrum was well 
demonstrated. The lining mucosa of the antrum was oedematous and not unduly 
thickened, there were no polypi and the lining membrane showed complete continuity 
over the fracture line in the roof of the antrum. Convalescence was uneventful. 

Exploration of the left orbit under general anaesthesia was undertaken on 
November 2, 1950, with a view to excising the mucocele. A skin incision was made as 
the approach was of necessity extra-conjunctival. After splitting the orbicularis, the 
mucocele was soon disclosed as a long, flattened, greenish grey “‘ grape”. The 
periosteum of the orbital floor was so lifted by the mass that it was divided with the 
periorbita, and separation at the orbital margin was unnecessary. The mucocele had 
an extremely thin wall; eventually this was ruptured during blunt dissection, and a 
quantity of thin mucus and some thick yellow pus was sucked away. Separation was 
continued towards the apex of the orbit; and beyond the beginning of the infra-orbital 
canal in the lateral wall of the inferior orbital fissure this became increasingly difficult. 
The mucocele was finally removed, a small remnant of its wall being left towards the 
apex of the orbit. The orbit was insufflated with penicillin powder, the periorbita was 
sutured with catgut and the skin with a subcuticular stitch. A short course of 
intramuscular penicillin was given post-operatively. 

Bacteriological Examination—The pus in the mucocele contained Streptococcus 
viridans. 

Histological Examination.—The mucocele was lined by cuboidal epithelium with a 
lymphocytic infiltration of a moderate degree in the wall and surrounding connective 
tissue. There was no evidence of an acute suppurative process. 





Fic. 3.—Left eye after operation. 


Result.—The position and mobility of the eye returned to normal in a fortnight 
(Fig. 3), 
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COMMENT 


A case of pyocele of the orbit after a minor fracture of the orbit 
is described. , 

It is thought that the original mucocele in this case could have 
arisen in one of two ways: 

(1) By prolapse of the antral mucosa through the un-united orbital fracture; the 
mucosa, having an allergic character, became polypoid and _ irreducible 
through the fracture line. 

(2) By partial detachment into the orbit of a piece of antral mucoperiosteum at the 
time of the accident, with subsequent cyst formation. 


The correct aetiology being unknown, it was necessary to explore 
the antrum before excision of the mucocele could be attempted. 
As later events showed, the mucocele had in fact arisen by detach- 
ment of a piece of antral mucoperiosteum. 


SUMMARY 


A case of pyocele of the orbit and its surgical removal are described. 
The original mucocele was traumatic in origin and undoubtedly of 
6 or 7 years’ duration. It was symptom free. Presenting signs were 
cosmetic, namely elevation of the eye and the appearance of vertical 


squint. 


We wish to thank the Director General of Medical Services, and the Consultants in 
Ophthalmology and Otorhinolaryngology, Royal Air Force, for permission to publish 


this case. 
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RECURRENT CHOROIDITIS TREATED WITH 
CORTISONE* 


BY 


P. M. GUINAN 
Dublin 


Case REPoRTt 


History.—The patient, a female, aged 27, came to the hospital on April 14, 1948, 
complaining of a cloud over the left eye of five days’ duration. Previous history 
included tonsillectomy in childhood, but otherwise no illnesses. 


Examination 
Right eye: nothing abnormal discovered, vision 6/5. 
Left eye: vitreous very cloudy, no lesion seen in the fundus, vision 6/18. 
A presumptive diagnosis of acute peripheral choroiditis was made. 


Investigation.—A complete general examination revealed no abnormality, except 
Vincent’s angina of the gums. 


Treatment 
Local.—Gutt. atrop. 1 per cent. twice daily. 
Dental.—Novarsenobillon and local penicillin to gums. 


Result.—The vitreous gradually cleared, and in 5 weeks the vision in the left eye was 6/6. 
No choroidal lesion could be seen at any stage. 


Recurrences.—On July 14, 1948, there was a similar attack in the left eye. 

On January 18, 1949, another relapse occurred in the left eye, and at the same time 
the vitreous clouded over in the right eye. No choroidal lesions could be seen. The 
patient was admitted to hospital on January 23, 1949, and given a course of T.A.B. 
She was discharged after 2 weeks with both eyes quiet, with vision 6/9 in both. 

On March 14, 1949, the left eye relapsed and 3 days later the right eye followed. 
As the infection of the gums had recurred, dental treatment was given as before, and a 
tooth was extracted. 

The patient was not seen again until 9 months later, on December 17, 1949, when 
both eyes had again relapsed, vision being counting fingers in the right eye and hand 
movements in the left eye. On admission the chest was x-rayed for the second time 
and showed no active focus. The erythrocyte sedimentation rate was average 
9 mm. (Westergren). Intradermal tuberculin test (purified protein derivative) was 
first strength negative, and second strength strong positive reaction with enlargement 
of glands in the axilla. After this reaction the vitreous cleared rapidly. A recurrence 
of the dental infection at the same time was treated with a course of penicillin, and tlie 
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teeth were extracted. At this time also, an infection was located in the left maxillary 
sinus, and a Caldwell Luc operation was performed on February 17, 1950. 

The patient was discharged on March 8, 1950, the eyes being much improved, but 

10 days later both eyes relapsed once more. Penicillin injections were recommenced, 
but as there was no improvement after a week they were discontinued. In view of the 
reaction to the purified protein derivative tuberculin test, a course of tuberculin 
injections was commenced, but after the second injection there was a further flare-up 
in the left eye with the appearance of five whitish exudates in the choroidal periphery 
below. This was the first time the causative lesions had been seen. The tuberculin 
injections were stopped, the patient was re-admitted, and a course of | g. streptomycin 
and 20 g. PAS was given daily for 42 days, starting on June 15, 1950. By July 11, 1950, 
the right eye had cleared almost completely, numerous healed foci could be seen in 
the lower periphery, and the left eye was considerably improved. However, one day 
before the course was due ¢o end the left eye relapsed again. 
Cortisone Therapy.—At this stage cortisone had become available in limited quantities 
for clinical trial, and on July 27, 1950, 0.05 ml. (1,5 mg.) cortone acetate was given 
subconjunctivally in the left eye and repeated every second day for seventeen doses. 
From the start the vitreous commenced to clear gradually, and at the end of the course 
the eye was quiet and fundus details could easily be seen. The vision however was 
only 2/60, as there had been a focus at the macula and this was now atrophic with a 
small amount of pigmentation around the atrophic area. 

On August 30, 1950, the right eye, which had now been quiescent for almost 2 months, 
presented a large focus in the macular region, about two disk diameters in size; the 
focus looked very active and was spattered with hemorrhages, and vision was reduced 
to hand movements. The next day the vitreous became very cloudy, and the lesion 
could be seen through it only as a vague, whitish mass. Cortisone by mouth (25-mg. 
tablets) was then commenced, and its activity checked by eosinophil counts. The 
dosage given was 100 mg. daily for 17 days, followed by 75 mg. for 4 days, followed by 
50 mg. for a further 4 days. The effect on the choroidal lesion was dramatic. In 
2 days the vitreous had cleared sufficiently to show that the exudate had diminished 
in size by about one half. Within 4 days it was no longer visible, and the vitreous had 
cleared to a remarkable extent. The eosinophil count dropped from 580 per ml. to 
240 per ml, in 6 days, and was down to 6 per ml. in 14 days. At the end of the course 
(September 24, 1950) the right eye was perfectly quiet, and there was no sign of the 
exudate except for a slightly atrophic appearance of the macula. That this had been 
damaged was shown by the fact that vision was only 4/60. 

The patient was then put on cortisone ophthalmic ointment 25 mg./g. four times 
daily in both eyes. On November 4, 1950, while she was still on the ointment, there 
was another severe relapse in the left eye with reduction of vision to hand movements. 
Oral cortisone was recommenced 4 days later—)00 mg. daily for 4 days, followed by 
100 mg. by injection for 2 days. The dosage was then reduced to 75 mg., 50 mg:, and 
25 mg. for the next 3 days and then stopped, and the cortisone ointment was substituted. 
At this stage the vitreous was clear but no lesion could be seen. 

On December 4, 1950, there was a recurrence in the right eye when the patient was in 
bed with a cold. She came to hospital 3 days later, and on examination an enormous 

area of choroiditis occupying almost the whole of thé lower half of the fundus could 
be seen. Cortisone intramuscularly 100 mg. was started on December 7, 1950, and 
given daily for 6 days; on the 7th day the dose was reduced to 75 mg., and for the 
next 15 days 50 mg, daily was given, then for 2 days 25 mg. daily. Within 2 days 
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the great mass of exudate was reduced by half, and in 4 days it had disappeared, except 
for a small area at the periphery. There was still a good deal of vitreous haze and 
the vision remained at hand movements, but by December 18, 1950 (i.e., 11 days from 
the start of the cortisone) the vitreous had cleared considerably, and the choroidal 
exudate was barely visible. By December 29, 1950, the lesion had completely cleared, 
and the vision was 2/60 in both eyes. The cortisone injections were stopped on 
December 30, 1950. 

Since the cortisone ointment had twice failed as a maintenance measure it was 
decided to try subconjunctival cortisone for this purpose. On January 1, 1951, 
3 mg. cortisone was given subconjunctivally in each eye. This was repeated weekly 
up to February 19, 1951, i.e., for 7 weeks. On February 26, 1951 (the day on which 
the subconjunctival injection was due) there was another recurrence in the right eye 
of a large choroidal exudate, which is at present being treated with cortisone intra- 
muscularly, and has cleared up, though not with quite the same rapidity as on the 


previous occasions. 


SUMMARY AND COMMENT 


This is a case of choroiditis which relapsed six times in the right 
eye and eight times in the left over a period of 2 years and 9 months. 
A high degree of allergic hypersensitivity is presumed to be the cause; 
and whether this is due to sensitivity to tubercular toxins as suggested 
by the severe reaction to the purified protein derivative tuberculin 
test, or to the septic foci discovered in the mouth and maxillary sinus 
is not known. Cortisone had a dramatic effect on the inflammatory 
and exudative results of this hypersensitivity, as shown by the rapid 
resolution of the choroidal lesions, which disappeared leaving no 
signs of their presence. Cortisone had an equally dramatic effect:on 
the eosinophil count in the peripheral blood, causing a rapid fall in 
an originally high count. It is of interest to note that in this case 
cortisone seemed to produce as rapid a result when given by mouth 
as when given by injection. 

As noted by Woods (1950), cortisone had no effect on the under- 
lying hypersensitive state, and when it was discontinued lesions in the 
choroid recurred and the eosinophil count rose again. The fact that 
cortisone ointment failed to prevent the recurrence of the lesions 
confirms Woods’ observation that it does not influence the posterior 
segment of the eye. 

]t would obviously be of great importance if some efiective local 
method of giving a maintenance dose could be found, and for this 
reason a weekly subconjunctival dose of 3 mg. in cach eye was tried. 
A weekly interval was chosen because the subconjunctival deposit 
takes about that time to absorb, but whether the cortisone is absorbed 
at the same rate as the suspending agents, and lasts as long as they 
can be seen, is not known. When almost 2 months passed without 


a relapse, it was felt that perhaps the answer to the maintenance dose 
had been found, but the relapse in the right eye on the day on which 
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the injection was due dashed that hope. However, it may be that 
twice-weekly subconjunctiva) injections will be sufficient to prevent 
further relapses, and this it is intended to try. Fortunately, the 
injections cause practically no local reaction, and are not at all 
painful. 


It is felt that, in this case, had the cortisone been started as soon 
as the macular lesions occurred, without the unavoidable time-lag of 
3 days after onset, the macular damage would have been minimized. 

it is also felt that the action of subconjunctival cortisone in such 
cases is too slow, and that this method should only be used to 
maintain the rapid resolution that has been initiated by the parenteral 
method. 

Finally, as the action of cortisone does not deal with the underlying 


cause, no effort should be spared in seeking this out and dealing with 
it by whatever method is available. 


I am indebted to Dr. D. K. O’Donovan who acted as physician to this case and 
advised on the cortisone dosage, to Dr. F. J. Lavery who saw the case in consultation, 
and to Professor Henry Moore, chairman of the cortisone committee of the Irish 
Medical Research Council, who kindly made available the cortisone. 
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DENDRITIC ULCER TREATED WITH CORTISONE* 


BY 


M. LERNER 
St. Mary’s Hospital, Paddington, London 


CASE REPORT 

Mrs. R. O’N., aged 68, was admitted to St. Mary’s Hospital, under the care of’ 
Mr. Williamson-Noble on January 12, 1951. Her complaints were pain, redness, and 
diminished vision in the right eye since the latter part of December, 1950. 

History.—Her ophthalmologist stated that her left eye has been blind for 40 years 
after a traumatic retinal detachment. The right eye showed a dendritic ulcer when 
she first came to see him on December 27, 1950. The ulcer was carbolized and 
ung. atrop. 1 per cent. prescribed, but, the intra-ocular pressure rose and the 
cloudiness of the cornea became worse. The treatment was changed to gutt. eserine 
4 per cent. and pilocarpine 2 per cent. The pupil became smaller and the pain was 
relieved but the tension remained high. 

Examination—Right eye: visual acuity 3/60 with glasses. The lids were normal 
and there was no regurgitation from the lacrimal sac on expression. The general 
appearance of the eye was red and angry. The cornea appeared hazy on account of 
generalized oedema, and on staining with fluorescein revealed a central dendritic ulcer 
resembling the letter W with knobs at the junctions of the strokes. Striate keratitis 
was marked and corneal sensation was completely absent. The anterior chamber 
appeared deep and the pupil was moderately dilated, and inactiye with posterior 
synechiae. The iris was difficult to see. A dull red reflex was present, but retinal 


details could not be discerned. 
Left eye: visual acuity no perception of light. The eye was white with retinal 


detachment present below. 
Schidtz reading on admission for the right eye were 4.5/7.5, 34 mm. Hg; 7/10, 32 mm. 
Hg. X rays of jaws, chest, and sinuses as well as blood investigations were negative. 


Treatment.—The patient was put to bed and given oily eserine 1 per cent. to the 
right eye every half-hour for 2 hours, then every 2 hours for 8 hours, and finally three 
times daily; gutt. aureomycin 4 per cent. every 3 hours; hot bathing to the right eye 
4-hourly with continuous dry heat between; sedatives and laxatives as required. 

The following day a spastic entropion of the right lower lid was noted. The pupil 
was now smaller, about 3 mm. in diameter. Schidtz readings were 5/7.5, 32 mm. Hg; 
8/10, 28 mm. Hg. The condition of the eye remained the same and the patient was 
started on a 5-day course of sulphatriad, 2 g. as the initial dose followed by 1 g. three 
times a day. This treatment was carried out until January 17, 1951, when the 
aureomycin drops were discontinued, the ulcer was carbolized, and gutt. albucid 1 per 
cent. OH, substituted. Ascorbic acid orally 200 mg. three times daily was ordered. 

After 3 days the ulcer lost its characteristic appearance and was replaced by a few 
linear central stains. The generalized corneal oedema persisted, the eye was still 
angrily injected, and the Schidtz reading was 7.5/7.5, 22 mm. Hg; 10/10, 20 mm. Hg. 
The tension in the right eye continued normal and on January 22, 1951, it was decided 
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to try the effect of gutt. atrop. 1 per cent. daily, and as the tension did not rise under 
this treatment, it was increased to thrice daily. Short-wave diathermy to the right eye 
was given, at first daily and then twice daily, throughout the patient’s stay in hospital. 
The only change noted with this treatment was the irregular dilatation of the pupil, 
which revealed a broad posterior synechiae between 5 and 6 o’clock. 

Cortisone.—Since the eye failed to respond and this was the patient’s only useful eye, 
it was decided to try the effect of cortisone on this stubborn condition. The first dose 
of 10 mg. (0.4 ml. of solution) cortisone was given sub-conjunctivally on February 1, 
1951. On February 3, 1951, the corneal oedema appeared to be somewhat less. By 
February 5, 1951, there was a definite positive change in that the bulbar conjunctiva 
was whitening nasally and temporally. Cortisone was repeated on February 9, 1951, 
and by February 12, 1951, the eye was definitely whitening and the ‘cornea was 
brighter, but striate keratitis still persisted, as well as a faint superficial staining of the 
cornea. The corneal sensation was doubtful, but the iris and pupil were now clearly 
seen. On February 14, 1951, a third injection of cortisone was given. The eye 
remained white, the cornea still showed striate keratitis as well as superficial staining and 
a few pigment spots at the back, and corneal sensation was doubtful. 

On February 19, 1951, the patient was put on gutt. cortisone (1: 4 dilution in a special 
buffers solution) hourly all through the day. 

Result,—Slit-lamp examination on February 23, 1951, revealed faint punctate 
staining in the cornea with a few pigments spots on the back. The anterior chamber 
was clear, there was no aqueous flare, and pigment was scattered over the anterior lens 
capsule. The corneal sensation was still doubtful, visual acuity with glasses was 6/60, 
and tension was normal. 

The patient was discharged on February 28, 1951, and asked to continue with 
gutt. cortisone as before, as well as gutt. atrop. 1 per cent. three times daily. 

Follow-up.—On March 10, 1951, visual acuity was 6/24 with glasses, and the 
condition of the eye was as previously described but some corneal sensation was elicited 
in the lower half. A floater was seen in the vitreous. 

On March 14, 1951, gutt. cortisone was discontinued and gutt. albucid 10 per cent. 
OH, substituted. 

On March 27, 1951, the eye was white, and the cornea bright with very faint punctate 
staining, but sensation was still diminished. Visual acuity was 6/24 with glasses. 


SUMMARY 


A case of dendritic ulcer with iritis and a probable anterior uveitis 
as a complication is described. Orthodox treatment failed, but 
cortisone subconjunctivally and in drops produced favourable 
results. The first effect noted was the lessening of the corneal 
oedema, followed by the more definite and positive effect of the 
-whitening of the eye. The striate keratitis was slow in disappearing. 
Slight corneal staining still persisted when the patient was last seen, 
which suggests that cortisone has no marked effect ‘on the healing 
of corneal epithelium. The slow or rather doubtful return of 
corneal sensation is also worthy of notice. 


I wish to thank Mr. F. A. Williamson-Noble for his help and for permission to 
publish this case. 
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ACQUIRED HOLE IN THE DISK* 
BY 


O. GAYER MORGAN 
London 


HOLEs in the disk are usually considered to be of congenital origin, 
though in the published articles which deal with collected series of 
cases, it has been suggested that some of those described might have 
a different aetiology. The following case is of interest because it 
shows conclusively that a typical hole can be produced by some 
pathological condition occurring in a perfectly normal eye. 


CASE REPORT 


An Army officer, 21 years of age, was first seen by me in December, 1929. He 
had 6/5 vision in each eye, with no appreciable error of refraction, and his media and 
fundi were found to be perfectly normal. 

In March, 1933, he came back complaining that a month previously, with his right 
eye, people’s faces looked as if they had a bulge on the right side. He had seen an 
Army oculist who reported that at first the disk looked slightly oedematous and the 
veins engorged, but that this had rapidly subsided. ‘ He had had a general examination, 
including a blood test which was negative, and his teeth, sinuses, etc., had been passed 
as normal. 

Vision in the right eye was 6/6, and there was a relative scotoma for colours—objects 
looked dull instead of bright, and linear objects had a kink in them. There was no 
pain on movement, or tenderness on pressuré over the the globe. 

The right disk is shown in Fig. 1 (overleaf). There seemed to be a hollowing out of the 
temporal side, with what appeared to be a newly-formed temporal crescent (not present 
in the other eye), and two faint ridges enclosing an area of slight swelling. Involvement 
of the macula at the apex of the inner bulge would accourit for the metamorphopsia. 
It looked as if there must be something in the temporal edge of the nerve head just 
outside the globe, causing a retraction of the temporal side of the nerve head, and a 
bulging forward of the sclerotic and other tissues with some — away of these 
tissues from the nerve head (Fig. 2, overleaf). 

The appearance suggested a gumma or tuberculoma, or otedbie a vascular tumour 
or neurofibroma. It was unlikely that a plaque of disseminated sclerosis could produce 
such an effect. A further full investigation revealed nothing, and he was given no 
treatment. 

One month later the condition was almost unchanged though there seemed to be 
some faint whitish dots on the raised area. Vision was 6/6. The vitreous was 
perfectly clear, and there was slight enlargement of the blind spot. 


s Received for publication February 20, 1951. 
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Fic. 2.—Dia- 
grammatic 
sketch of the 
appearances 
one in Fig. 


O. GAYER MORGAN 


Fic. 1.—Fun- 
dus in 1933 
showing new- 
ly formed 
temporal 
crescent and 
swelling at 
posterior pole. 
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Threg months later the outer ridge seemed to have disappeared and the inner one 
was less conspicuous. The bulge was less, but the whitish dots more noticeable, and 
the surface almost looked as if it was slightly wrinkled. 

The patient then went abroad, and I did not see him again until 1940, seven years 
after the beginning.of the trouble. Vision was then 6/5 (2) in the right eye and 6/5 full 
in the left, and the disk showed.a typical hole. At the macula there was some faint 
disturbance with a little mottling, and a few dots of pigment (Fig. 3). 


Fic. 3.—Fundus in 1940, showing ‘hole in disk and mottling at the macula. 


In 1948 the visual fields showed no loss in the periphery, and no scotoma of any sort 
on the Bjerrum screen. There was some enlargement of the blind spot towards the 
macula. The disk showed a deep pit with a depth of about three dioptres. 

As most of the other recorded cases have presented very definite arcuate scotomata 
it may be that this is a point of differential diagnosis between the congenital and acquired 
macula hole. 

At the present time—1951—the patient is perfectly fit and no developments have 
occurred of either a general or a local nature which could throw any light on the 
aetiology of the condition. 


SUMMARY 


A case of macular hole is described, which was seen to develop in 
a perfectly normal fundus. 
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AMBLYOPIA 
RECOVERY AT FORTY YEARS OF AGE* 
BY 


A. J. BOASE 
Uganda 


Case REPORT 


L. H. C., Gean male aged 40, complained in September, 1947, that his left (and only 
seeing) eye had become blurred, and that he found difficulty in recognizing people at 
accustomed distances. He did not associate a recent extraction of two teeth with his 
ocular symptoms. He had worn the same myopic correction from the age of 10: 
right 2.50 D, and left 3.00 D. The short-sightedness was first noticed when he went to 
a “* black-board school” at the age of 93. He regarded his right eye as useless and 
could not recall a time when it was not “‘ cock-eyed ”’. 


Examination.—Left eye: vision 6/24 with glasses, J 4 without. A fine dusty exudate 
in the vitreous somewhat obscured the fundus; no lesion was detected. There were 
no keratic precipitates, though a few fine particles were suspended in the aqueous. 
Vision could not be improved. 

Right eye: with the left eye fixing, the right diverged some 10° to 15°. When the 
left eye was covered the right took up fixation. Vision was recorded as less than 
6/60 with glasses. After dilatation with homatropine an anterior capsular opacity was 
revealed. This was somewhat X-shaped, the crossing of the limbs occupying the anterior 
pole and covering an area just larger than a normal pupil. There was no suggestion of a 
pyramid, the main body and the limbs seeming to be of uniform thickness. Deep to 
this opacity the slit lamp showed a limited cloudiness of the cortex (not a reduplication). 
The cornea was entirely free of stigmata, there were no remnants of pupillary membrane 
or other congenital abnormality, and the fundus appeared quite normal and healthy. 


Subsequent History.—Shortly after this examination the patient went on leave to 
India and was not seen by me again until November, 1949 (two years later), when vision 
in the left eye was 6/36 with glasses, and J 4 without. Despite a fine vitreous haze and 
some larger clouds of opacity, moth-eaten superficial choroiditic changes could be 
detected centrally. There were no keratic precipitates and the lens was uniformly clear. 
The patient complained of the unsightly appearance of an almost mature cataract in 
the right eye, the lens being almost totally opaque. The capsular opacity was as 
before, the cornea free of precipitates. 


Operation—In June, 1950, under pentothal-flaxedil anaesthesia, a round-pupil 
intracapsular extraction of the right lens was carried out, a small peripheral iridectomy 
being made after the extraction. Reaction was minimal, the chamber being formed 
at the first dressing after 48 hours, and the eye soon becoming white. 





,* Received for publication February 15, 1951. 
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Results—Ten days after the operation the corrected right eye could just make out 
the 6/60 letter, but it was very blurred. An inconclusive double-image test afforded 
fleeting indications of a crossed diplopia roughly corresponding to the angle of squint. 
On the synoptophore (with + 10 D in the right carrier and — 3 D in the left) there 
was occasional doubtful simultaneous perception, but the right image tended to 
disappear at the objective angle of 10°. It was concluded that retinal correspondence 
was normal and that there was some macular suppression. 

August, 1950. As vision in the left eye had now dropped to 6/60 with glasses, and 
as the right eye with correction could read 6/36, it was decided to experiment with 
distance glasses (+ 8.50 D sph. ¢ +3.50 D cyl. at 180°, prescribed for the right eye). 

February, 1951. Left eye: vision (with — 3.00 D) 6/60 vaguely. 

Right eye: vision (with above correction) 6/9. 

The patient was quite happy using the corrected right eye for distance, and the 

unaided left eye for office work. 


SUMMARY 


A case is presented in which recovery of vision from less than 
6/60 to 6/9 followed extraction of the lens in an eye assumed to have 
been amblyopic and known to have been divergent for some 40 years 
(the whole of the patient’s life). 





NOTES 


SOCIETE FRANCAISE D’OPHTALMOLOGIE 
58TH CONGRESS, 1951 


For the 58th Congress of the Société francaise d’Ophtalmologie, held at 
the Centre Marcelin-Berthelot in Paris from May 6 to 10, a programme 
of exceptional interest and diversity had been planned. One whole 
morning session was devoted to communications upon the lens, another 
to corneal lesions, and another to the orbit and ocular adnexa. This 
year’s subject for a special report was “Primary Tumours of the Orbit 
and their Treatment”, and M. Guy Offret more than justified his 
selection for the formidable task of preparing it.* Miscellaneous papers 
filled the fifth morning session. 


Surgical demonstrations by a number of Paris ophthalmologists were 
given during two of the afternoons, and an excellent film programme 
followed the discussion of M, Offret’s report on the afternoon of May 8. 
Another item of special interest was a discourse entitled “ La Myopie des 
Médicis” by Dr. L. Alaerts, whose brochure dealing with the human eye 
in pictures by Old Masters was published in Brussels four years ago. On 
the afternoon of May 9 many of those attending the Congress made an 


expedition to the Chateau de Fontainebleau. 


The annual dinner of the society was held on May 7 at the Cercle de 
L’Union interalliée, Faubourg Saint-Honoré. Dr. Léon Binet, doyen of 
the Faculty of Medicine in Paris, made an eloquent oration in his 
capacity of Banquet President, and the following foreign members spoke: 
Professor H. Ehlers (Copenhagen), Professor H. J. M. Weve (Utrecht), 
Mr. F. W. Law (London), and Dr. H. Moutinho (Lisbon). Dr. Edward 
Hartmann, Secretary-General of the society, gave an illuminating review, 
interspersed with gaiety and humour. To the Committee of the Société 
francaise d’Ophtalmologie, and especially to the Secretary-General and 
his fellow-officers, visitors from Great Britain are greatly indebted not 
only for a most instructive congress, but also for innumerable acts of 
personal kindness. The British ophthalmologists attending this congress 
were (in alphabetical order) Mr. J. H. Doggart, Sir Stewart and Lady 
Duke-Elder, Mr. W. E. Heath, Mr. J. R. Hudson, Mr. E. F. King, Mr. 
F. W. Law, Mr. A. F. MacCallan, Mr. O. G. Morgan, Mr. I. Spiro, 
Mr. E. Wolff, and Mr. E. Zorab. Papers were contributed by Mr. J. H. 
Doggart and Mr. E. Wolff. 








* The report has now been published by M et Cie, Paris. 
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OXFORD OPHTHALMOLOGICAL CONGRESS 
ANNUAL MEETING, 1951 


THE 36th Annual Meeting of the Oxford Ophthalmological Congress will 


be held at the School of Geography, Mansfield Road, Oxford, from July 5 
to 7, 1951. The Master, Dr. F. A. Anderson, will preside. 


The main item on July 5 will be a discussion on ‘‘ Ophthalmology and 
Psychosomatic Medicine” by Dr. J. L. Halliday (Glasgow), Professor 
W. J. B. Riddell (Glasgow), and Dr. Dorothy Campbell (Coventry). 
On July 6 the Doyne Memorial Lecture will be delivered by Mr. John 


Foster (Leeds), who will take as his subject “Aims and Obstacles in the 
Ophthalmic Clinic”. On July 7 a discussion on “ The Modern Treat- 


ment of Detachment of the Retina” will be opened by Mr. Seymour 
Philps (London), Mr. A. G. Cross (London), and Mr. R. I. T. Lloyd 


(Bradford). 


The Annual Dinner will be held in the Hall of Brasenose College on 


July 6, at 7.30 p.m. During the Congress the Surgical Staff of the 
Oxford Eye Hospital extend a welcome to visitors to the new Out-patient 


Department. 


HONOURS 


THe O.B.E. (Civil Division) has been conferred upon Mr. A. J. 
Boase, M.R.C.S., L.R.C.P., D.O.M.S., of the Colonial Medical 
Service, for his work as Ophthalmologist in Uganda. 


H.M. KING Farouk [ oF EGypt has conferred the title of Pasha 
upon Emeritus Professor Dr. Mohamed Sobhy. 


Mr. Frank Law, F.R.C.S., has been elected an Honorary Member 


of the Greek Ophthalmological Society “‘ as a token of recognition 
of his valuable contribution to ophthalmology ”. 





OBITUARY 


JOSEPH BERTRAND MCAREVEY 


In the death of Joseph Bertrand McArevey on February 24, 1951, at the age of 54, 
Irish Ophthalmology has suffered a severe loss, and those of us who were most intimate 
with him mourn a staunch friend. 

He became a member of the Honorary Staff of the Royal Victoria Eye and Ear 
Hospital, Dublin, in 1924, and gave early promise of what he was to become, an 
operator of outstanding ability. His absorbing interest in operative work is evidenced 
by his papers and reports of cases given at the meetings of the Irish Ophthalmological 
Society, and duly published in the Transactions. 

In 1944, the Council of the Royal College of Surgeons Ireland invited him to deliver 
the Montgomery Lecture. His paper, “ The Social and Medical Problems of 
Phlyctenular Disease in Dublin”, provided us with a clear-cut analysis of relevant 
facts, and afforded him the opportunity to focus attention on the low standard of living 
amongst the poor of Dublin. It may well have been this opportunity which determined 
his choice of subject. 

His stimulating presence will be sadly. missed by none more than by his colleagues on 
the Prevention of Blindness Committee of the National Council for the Blind in Ireland. 

He had wide interests. He acquired an extensive knowledge of old furniture, 
Waterford glass, and old Irish silver, but he was at heart a rambler, and never aspired 
to the absorption of the collector. He was a single-figure golfer, and a keen shot, 
but what he loved best were long tramps in the country, not for a destination, but for 
the joys of the open road. 3 

The keystone of his character was courage. At the age of 18, then a medical student 
in the Nationa! University of Ireland, he joined the Army; in 1915 he was granted a 
commission in the Royal Irish Rifles, and he won the M.C. in 1917. 

He was a courageous operator, keenly alive to new developments, and never daunted 
by technical difficulties. When he recently introduced to Dublin the operation of 
trabeculotomy for buphthalmos, colleagues from all over the country sent him such 
cases as came their way. There could be no higher tribute to his judgment and skill. 

His courage never shone brighter than when, at the height of his powers, he realized 
that the end was near. 
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COMMUNICATIONS 


OCULAR TENSION IN GLAUCOMA SIMPLEX*t+ 
BY 


DOUGLAS LANGLEY anp H. SWANLJUNG 


Glaucoma Clinic, Institute of Ophthalmology, London. Director of Research, 
Sir Stewart Duke-Elder 


THE variations and level of tension in normal and glaucomatous eyes 
have been studied by many observers. Maslenikow (1904) recorded 
the tension twice daily in twelve patients with glaucoma of un- 
specified type and found the tension higher in the morning. 
Grénholm (1910) considered the morning rise to be due to mydriasis 
while lying awake in dim illumination, an observation discounted by 
KGllner (1916, 1918) who recorded parallel changes in tension in 
unilateral aniridia and iridectomy, and when the eyes were under the 
influence of miotics. Kd6llner, following the tension in glaucomatous 
eyes, found it higher in the morning, and falling after 10 a.m. 
throughout the day, with sometimes a slight rise at 7 p.m. Thiel 
(1923, 1925) recorded the tension in cases of glaucoma simplex 
frequently during the night as well as during the day, and described 
a nocturnal rise beginning slowly between midnight and 3 a.m., with 
a sharper rise between 3 a.m. and the morning maximum. The 
tension was highest in the early morning with a steep fall on rising 
from bed, followed by a more gradual decline until the late evening. 
Thiel explains his findings as being due to the filling and emptying 
of the vessels of the head and neck occasioned by changes in posture. 
Hagen (1924) also found the tension in glaucoma simplex to be 
higher in the morning in most cases and considered the variations 
to be due to defective drainage. He found that miotics produced a 
fall in tension without decreasing the variations. Sallmann and 
Deutsch (1930) consider that a tension of 26 mm. Hg Schidtz or 
more is significant of glaucoma. They also found the tension 
higher in the morning, except in 5 per cent. of cases, and postulated 
that cessation of ocular movements was responsible for a rise of 
tension during the night. Cordes (1937) has stated that variations 
in tension of 10 mm. Hg Schiétz or more in the unaffected eye in 
unilateral glaucoma, are indicative of latent disease in this eye, and 
Downey (1945) regards a difference of more than 4 mm. Hg between 
the two eyes as a pre-glaucomatous state. Bloomfield and Kellerman 
(1947) found only 6 per cent. of glaucomatous eyes to have variations 
of more than 10 mm. Hg. Reese ( 1948) stated that the base pressure 


* Received for publication April 9, 1951, 
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in glaucoma approximates to the peak pressure as the disease 
advances, indicating a decrease in amplitude of the variations with 
progression of the disease. 

The following paper presents an analysis of 36 cases of chronic 
simple glaucoma, in which the tension variations over 24 hrs are 
described and discussed in relation to the field changes, blood 
pressure, provocative tests, and other relevant factors. In addition, 
our findings are compared with those of other workers. During 
the investigations, two of our patients were found to be suffering 
from low-grade cyclitis with all the features of glaucoma simplex, 
and are included for purposes of comparison. 





METHODS 

The patients were admitted to hospital in the afternoon, having ceased to use miotics 
for the previous 24 hours. The tension was recorded at approximately two-hourly 
intervals until 11 p.m. or midnight, using the same Schidtz tonometer preceded by 
gutt. pantocaine 1 percent. for all cases. The readings were resumed at 5 a.m. and 
carried on at the same intervals until the evening. The systemic blood pressure was 
recorded in 23 patients at the same intervals. 

The results in each patient were recorded graphically as a curve, with the tension in 
mm. Hg Schidtz as ordinate and the time as abscissa. Full clinical investigations, 
including gonioscopy and provocative tests, were carried out in the Glaucoma Clinic 
at the Institute of Ophthalmology. 


RESULTS 


SHAPE OF CuRVE.—It was found that the curves fell into four 
types according to their shape, which we have named “ double- 
variation’, “rising”, “falling”, and “flat”. The number of 
cases showing each type of curve is given in Table I, where the 
** double-variation ” type is seen to be the most common. 

In the double-variation type, the tension was at a low phase at 
5 a.m. and rose to a maximum at approximately 9 a.m. (extremes of 
7 to 11 a.m.), after which there was a fall to a low level in the 
afternoon, usually at about 2 p.m., followed by a second rise between 
4 p.m. and 6 p.m. with a steady fall throughout the evening until 
the last reading. 


TABLE I 
NUMBER OF CASES OF EACH TYPE OF CURVE 











T: f C 
yacht cord No. Per cent. 
Double-variation 19 56 
Rising . 8 23.5 
Falling ... 6 17.6 
Fiat 5. 1 2.9 
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In the rising type, the tension was low in the early morning, and 
climbed steadily, with minor fluctuations, to reach a maximum 
between 4 p.m. and 6 p.m., after which there was a steady fall until 
the last reading. 

In the falling type, the tension was highest on waking, or rose to 
its maximum at 7 a.m. from a slightly lower level, after which there 
was a Steady fall, with minor fluctuations, throughout the day and 
evening until the last reading. 

The flat type, of which there was only one example in a case of 
doubtful glaucoma, was characterized by a horizontal curve with 
small irregular variations. 

Examples illustrating these four types of curve are given in 
Figs 1 to 4. For comparison, Fig. 5 is the record of a case with 
signs and symptoms of glaucoma simplex, in whom signs of active 
low-grade cyclitis were revealed at a later date. 
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Fic. 1.—Double-variationjtype of curve. 
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Fic. 2.—Rising type of curve. 
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Fic. 3.—Falling type of curve. 
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Fic. 4.—Flat type of curve. 


In order to establish whether the shape of the curve was fortuitous 
or whether it represented a constant rhythm in a given individual, 
the procedure was repeated in sixteen patients, five of whom had 
undergone an operation on one eye since the first examination. The 
second record was made several months after the first and was 
conducted under similar conditions. The results in the 27 eyes 
recorded on two occasions (Table II) indicate that the shape of 
the curve is characteristic of the individual in the majority. 


TABLE II 
SIMILARITY OF CURVES 











, | Eyes 
De f Similarit i 
gree of Similarity on Two Occasions | No. | Sg 
| | 
Similar = | See 66 
Somewhat similar 8 30 
Not similar 1 4 





MAXIMUM TENSION.—In the 68 eyes of our 34 patients, two 
were clinically normal and three had been trephined before the first 
examination. The maximum tension in the 63 unoperated glauco- 
matous eyes was less than 30 mm. Hg Schidtz in eighteen (28.5 per 

















OCULAR TENSION IN GLAUCOMA SIMPLEX 449 


& 


g 


& 


8 





mm. Hg SCHIPTZ 


ow 

w 
T 
4, 

o 














i a 4 4 4 4 i £ i 7 i —| 
2PM. 4 S 8 10 2 4AM 6 8 10 12 2pm. 4 6 





Fic. 5.—Curves in a case of low-grade cyclitis simulating glaucoma 
simplex. 


cent.), and less than 25 mm. Hg in two (3 per cent.). The level 
generally accepted as the upper limit of normal is 30 mm. Hg Schidtz, 
but it is evident that many cases of glaucoma simplex occur where 
the tension does not reach this level. In this respect, the level of 
26 mm. Hg put forward by Sallmann and Deutsch (1930) is not 
unreasonable. 

One of our patients, a man of 76 years vie had cupping of the 
optic disks and field defects, was seen to have a maximum tension of 
28 mm. Hg Schiétz in both eyes and was originally thought to be a 
case of pseudo-glaucoma, but a further examination 6 months later 
revealed a maximum tension of 35 and 32 mm. Hg Schidtz i in the 
two eyes, at 5 a.m. only. 


RELATIONSHIP BETWEEN OCULAR TENSION AND VISUAL-FIELD 
DeFects.—It is evident that eyes of different individuals resist 
damage by raised ocular tension to different degrees, and it is well 
known that patients with untreated chronic congestive glaucoma 














450 DOUGLAS LANGLEY AND H. SWANLJUNG 





65F 


Re Ne 


§ 


& 
ks ge Be a T yas. 


mm.Hg SCHIQTZ. 


& 











tN 


2PM. 4 6 8 10 i@ 4AM6 8 io 12 2PM.4 6 
Fic. 6.—Curves in a case of chronic congestive glaucoma affecting the left eye only. 


maintain full fields of vision, normal disks, and good visual acuity for 
long periods, even though the tension may reach high levels at 
times. Fig. 6 illustrates an untreated case of chronic congestive 
glaucoma in a woman aged 51 who had had attacks of haloes and 
blurred vision for 18 months. Her optic disks, visual fields, and 
corrected visual acuity were normal. The curve reveals extreme 
limits of 25 mm. Hg and 73 mm. Hg in 24 hrs, with large fluctuations 
occurring in a short time. 

In glaucoma simplex, however, cupping of the disks and para- 
caecal field defects may be evident even though the tension does not 
rise above 30 mm. Hg, and in this disease, the eyes of individual 
patients show different degrees of field loss in association with a given 
level of tension. Individually, however, we have found that the eye 
with the greater maximum tension has the greater field defect in the 
majority of cases. Thus in 33 patients, 26 (79 per cent.) conformed 
to this observation. The seven exceptions included three in whom 


the differences in tension and field defects were small, and one who 


had greater field loss in an eye with high degenerative myopia. 
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: VARIATIONS IN OCULAR TENSION.—Fig. 7 illustrates the variations 
in tension over 24 hrs in 63 unoperated glaucomatous eyes, where 
each vertical line represents the highest and lowest tension recorded 
in an individual eye. 

In general, it is seen that the higher the tension, the greater the 
variations. This observation, first pointed out by K6llner (1918), is 
opposite in effect to the views of Reese (1948) in glaucoma simplex, 
although Reese’s views may hold in chronic congestive glaucoma. 

Cordes (1937) regards a variation in tension of 10 mm. Hg in the 
unaffected eye in unilateral glaucoma as a sign of latent disease in 
this eye. Bloomfield and Kellerman (1947) found that in twenty 


glaucomatous eyes, only six (30 per cent.) had variations of 


10 mm. Hg or more. In our series of eyes, 23 (36.5 per cent.) out of 
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Fic. 8.—Case showing proportionately greater variations in ocular 
tension as compared with blood pressure. 


63 had variations of less than 10 mm. Hg, twenty being cases of early 
and three of advanced glaucoma. 

In the majority of patients, the variations of tension in the two eyes 
of an individual were remarkably parallel although differing in 
degree. This observation held in cases where one eye had been 
successfully operated on, and in cases where one eye was clinically 
normal. Parallel variations in tension were also observed in a case 
of bilateral chronic glaucoma secondary to uveitis (Fig. 5). 

Downey (1945) regards a difference in tension of more than 
4 mm. Hg between the two eyes as a pre-glaucomatous state. We 
found that in 32 patients the maximum difference was less than 
4 mm. Hg in five cases (15.6 per cent.), in two of whom the disease 
was advanced and in three early. This difference is, therefore, not 
invariable in glaucoma simplex. 


RELATIONSHIP BETWEEN OCULAR TENSION AND BLOOD PRESSURE.— 
The blood pressure in the brachial artery was recorded by the 
orthodox method at 2-hourly intervals in 23 cases during the 
examination. 

In only one case (4 per cent.) was there some correlation between 
blood pressure and ocular-tension changes. A comparison between 
the two pressures showed the variations in ocular tension to be 
proportionately greater in fifteen cases (65.2 per cent.), equivalent in 
four cases (17.8 per cent.), and less in four cases (17.8 per cent.). 
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Fic. 9.—Case showing proportionately greater lability of blood pressure 
compared with ocular tension. 


Thus the lability of ocular tension in glaucoma simplex is pro- 
portionately greater than that of the systemic blood pressure in 
most cases. ; 

Fig. 8 illustrates a case where the variations in ocular tension are 
great as compared with those of the blood pressure, and Fig. 9 one 
showing the opposite relationship. 

It is therefore concluded that variations in blood pressure are 
not responsible for the height of or variations in ocular tension. 


RELATIONSHIP TO PROVOCATIVE TESTS.—The venous-congestion 
test, the water-drinking test, or both, were carried out on 
31 patients (62 eyes), and the maximum tension obtained was 
compared with the spontaneous changes occurring in the 24-hr. curve. 

The provoked maximum was less than the spontaneous maximum 
in 42 eyes (67.7 per cent.). Of the remaining twenty, the spontaneous 
maximum was more than 30 mm. Hg Schiétz in ten (16 per cent.), 
and the provocative tests were negative in a further five (8 per cent.). 

This means that from the diagnostic point of view, in only five eyes 
(8 per cent.) did the provocative tests yield more information than 
the 24-hr. curve, which emphasizes the clinical value of the latter 
procedure. 














454 DOUGLAS LANGLEY AND H. SWANLJUNG 


EFFECT OF Bopy PostTurE.—In our cases, the body posture had 
an effect opposite to that described by Thiel (1925). In all cases we 
observed a fall in tension, with minor fluctuations in some individuals, 
beginning between 6 p.m. and 8 p.m. and continuing up to the last 
reading about midnight. In those showing a falling type of curve, 
the decline was a continuation of the fall which had occurred 
throughout the day. The patients went to bed at approximately 
8.30 p.m. and the fall had begun before that time in many cases, 
which suggests that the posture itself may not have been responsible 
for the fall. Fig. 10 shows the evening curves of 45 eyes super- 
imposed to illustrate the general trend. 

We were unable to confirm the rise in tension during the night as 
described by Thiel, and it is probable that this worker’s results may 
have been due to the disturbance of frequently waking the patients. 
In 29 (85 per cent.) of our 34 patients, the tension was approximately 
the same at 5 a.m. as at the last reading the previous evening. The 
exceptions all showed the falling type of curve. 

Again, rising from. bed did not produce a fall in tension. Our 
patients rose at approximately 8 a.m., and after this time the tension 
was found to be either unaltered or higher than at the 7 a.m. reading 
in 26 cases (76 per cent.), five of the eight exceptions having curves 
of falling type. 

These observations also apply to an equal degree to the possibility 
that ocular movements are responsible for changes in tension. It 
would appear that neither body posture nor eye movements is 
responsible for these changes. 


RELATIONSHIP TO MEALS.—KOllner (1918) considered that the 
ingestion of food could influence the ocular tension by altering the 
blood pressure and modifying the consistency and distribution of 
the blood. 

We were unable to demonstrate any constant alteration in tension 
after meals. In many cases the tension either rose or fell in the 
same individual after a meal, and in other cases the trend of the 
curve was unaltered. 


OTHER FAcTorS.—There was no correlation between the behaviour 
of the ocular tension and the age, sex, and refraction of the patient, 
and it was not possible to evaluate the duration of the disease. 
Gonioscopy in 33 patients showed broad or medium chamber angles 
in 55-eyes (83 per cent.), and narrow angles in eleven (17 per cent.). 





EFFECTS OF OPERATION 


Curves were obtained in five eyes which had been operated on 
since the first examination, and in three which had been trephined 
before the first examination. 
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Fic. 10.—Superimposed evening curves of 45 glaucomatous eyes showing 
the general decline in tension towards the late evening. 
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Fic. 11 (a) Curves in a case of bilateral glaucoma simplex taken on 
December, 5, 1950. (5) Curves of the same patient taken on March 3, 
1951, the right eye having had a flap sclerotomy in January, 1951. 


In only three cases could the operation be considered successful, 
the maximum tension having been lowered to approximately 
20 mm. Hg or less, and the variations reduced to 4 mm. Hg or less. 

Fig. 11 illustrates the curves in a successful case before.and after 
an operation of flap-sclerotomy on the right eye. Incidentally, the 
curves of the left eye are seen to correspond closely although 
3 months elapsed between the two examinations. 

An unsuccessful case is illustrated in Fig. 12 which shows three 
curves of the right eye taken at different times. The eye was trephined 
after the first curve was obtained, but the tension was not lowered 
nor the variations reduced. Gonioscopy revealed iris tissue ob- 
structing the trephine hole, and accordingly a second trephine was 
performed, but, as is shown by the third curve, this has been no mere 
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Fic. 12.—Three curves of the right eye only of a case of glaucoma simplex. 
(1) February, 1950. 
(2) November, 1950, 3 months after a trephine operation. 
(3) March, 1951, 3 months after a second trephine operation. 
successful, in spite of there being oedematous subconjunctival tissue 
at the site of operation. A second gonioscopic examination showed 
that the trephine hole was open with two ciliary processes attached 


to its edge. 
DISCUSSION 


The height of the ocular tension is not the only agent by which a 
glaucomatous eye suffers damage. Patients with untreated chronic 
congestive glaucoma may observe haloes (indicating phases of high 
tension) over many years without cupping of the disks, or loss of 
visual field or visual acuity. Again, obvious cases of hypertensive 
uveitis often withstand the elevated tension for prolonged periods 
without evidence of cupping of the disks. In glaucoma simplex, 
different individuals show varying degrees of ocular damage in 
association with a given level of tension; in general, though not 
invariably, the maximum tension rises and the variations increase as 
the disease advances. In a given case, the eye with the higher 
maximum tension is most likely to suffer the greater damage. 

Both in chronic congestive glaucoma and in the late stages of 
chronic simple glaucoma, haloes are a feature, and in both these 
types, large fluctuations of tension occur within short periods of 
time, and may be responsible for the corneal cedema. In the early 
stages of simple glaucoma, the changes are smaller in degree and 
slower in development, so that presumably the fluid content of the 
cornea is adjusted during the rise. The fact that haloes are so often 
absent, even in late cases of glaucoma simplex with large fluctuations 
in tension, may be due to the depression of visual function. 

The variations in tension in glaucoma simplex are seen to be 
habitual and characteristic of the individual in the majority of cases, 
and are produced by some factor which influences both eyes in a 
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parallel fashion. In cases of unilateral disease, the affected eye 
responds to these influences in an exaggerated way. This determining 
factor is not associated with size of pupils, body posture, massaging 
effect of ocular movements, ingestion of food, or blood pressure. 

The curve is of clinical value diagnostically in that in most cases 
as much or more information is obtainable as by provocative tests. 
It also provides a useful index as to the optimum diurnal times for 
the instillation of miotics, and it is a reliable method of assessing the 
results of operation, the criteria of success being the reduction of 
tension to a low level and the smoothing out of variations. 

The tension should be followed from 5 a.m. until 7 p.m., and this 
period should be sufficient to record the maximum tension. 


SUMMARY 


The ocular tension has been followed at 2-hourly intervals over 
24 hrs in 34 cases of glaucoma simplex and repeated after some 
months in sixteen patients. 

The curves obtained are discussed in relation to visual-field defects, 
blood pressure, body posture, provocative tests, ingestion of food, 
and other clinical features. 

This method of study is of value in diagnosis and in assessing the 
results of operation. 


We wish to thank Miss Jeanne Brown, Nurse-Secretary at the Institute of Ophthal- 
mology, for her considerable assistance in these investigations, and also the R.M.O. 
and Nursing Staff of the Westminster Branch of Moorfields, Westminster and Central 
Eye Hospital for their ready co-operation. 
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EFFECT OF PARA-AMINOSALICYLIC ACID (PAS) 
ALONE AND IN ASSOCIATION WITH 
STREPTOMYCIN ON EXPERIMENTAL 

OCULAR TUBERCULOSIS* 
BY 


N. W. HORNE anp J. MACASKILL 
Edinburgh 


THE therapeutic effects of streptomycin and of para-aminosalicylic 
acid (PAS) in the control of many forms of experimentally induced 
tuberculosis and in the treatment of clinical tuberculosis are now 
well known. Although streptomycin is the most powerful anti- 
tuberculosis drug which has so far been fully evaluated, evidence is 
accumulating that a combination of streptomycin and PAS is even 
more effective. (Karlson and Feldman, 1949; Medical Research 
Council, 1950). So far it has not proved possible to assess how much 
of this increased effect is due to the prevention of the emergence of 
streptomycin-resistant strains. 

When this investigation was begun, we were unable to find any 
reference to the use of PAS alone or in combination with strepto- 
mycin in the treatment of experimentally induced or clinical tuber- 
culosis of the eye. Several authors have since published their 
experiences in this field of investigation. Rees and Robson (1949) 
have shown that PAS had a definite beneficial effect on tuberculous 
infection of the cornea in rabbits, though it was less effective than 
streptomycin. In their experience a combination of streptomycin 
and PAS was more effective than either drug used alone. Rees 
and Robson (1950) recorded similar observations in tuberculous 
infection of the cornea in mice. Gardner and others (1949) found 
that PAS given by the intravitreous method was effective against 
tuberculous infection of the cornea of rabbits but much less so than 
streptomycin. Bietti (1950), using PAS and streptomycin separately 
and in combination in the treatment of experimental tuberculosis of 
the eye, noted that streptomycin was superior to PAS but that the 
best results were obtained by a combination of both drugs. 

The present experiments were carried out with a view to determining 
whether PAS was an effective therapeutic agent in experimental ocular 
tuberculosis; and also whether when used in combination with 
streptomycin it enhanced the known beneficial effect of the latter. 

Leopold and Nichols (1946) have shown that bacteriostatic levels 
of streptomycin can be obtained in the intra-ocular fluid of rabbits 


* Received for publication March 22, 1951. 
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by systemic administration. It seemed important also to determine 
whether PAS administered parenterally diffused into the intra-ocular 
fluids in a concentration sufficient to achieve a therapeutic level. 











EXPERIMENTS 


(1) Concentration of PAS in the Aqueous after Sub-conjunctival and 
Intramuscular Administration of the Drug in Rabbits.—PAS is known to be 
a substance which is rapidly absorbed and excreted. When given by 
mouth or parenterally appreciable concentrations of the drug are found 
in the blood and in the lung, liver, and kidney tissues. The drug diffuses 
into the cerebro-spinal fluid and the pleural cavity in low concentrations. 
When this investigation was begun we were unable to find any reference 
to the concentrations of PAS which could be obtained in the intra-ocular 
fluids. Since then, however, Witmer and Ragaz (1949) have recorded 
concentrations achieved after oral and sub-conjunctival administration, 
and Bietti (1950) has found therapeutic concentrations in rabbits after 
oral, intravenous, and intramuscular administration, and after ionto- 
phoresis of the cornea with a 5 per cent. solution of the sodium salt. 
Gardner and others (1949) have shown that the injection into the vitreous 
of 10 mg. sodium salt of PAS in a 10 per cent. solution produces a chemo- 
therapeutic level of PAS within the eye for at least 48 hours. They 
comment, however, that when given by this route PAS produces toxic 
effects in the eye similar to or even greater than those produced by intra- 
vitreous streptomycin. 

We investigated the concentration of PAS in the aqueous of rabbits 
following sub-conjunctival and intramuscular administration. 


(a) Sub-conjunctival Administration of PAS. 

MerHop.—Three rabbits of approximately the same weight (2 kg.) were selected. 
After instillation of 4 per cent. cocaine into the conjunctival sac, sub-conjunctival 
administration of a 30 per cent. solution of the sodium salt of PAS (Paramisan Sodium) 
was Carried out in a dosage of 0.15 g./kg. Half the dose—approximately 150 mg.— 
was administered into each eye. At 30-minute intervals 0,2 ml, aqueous was with- 
drawn for estimation of the concentration, each eye being used once only. 
Readings were thus obtained at half-hourly intervals for a period of 3 hours. Blood 
samples were also taken at similar intervals. The concentrations of PAS were 
estimated by the method described by Newhouse and Klyne (1949), the intensity of 
colour being measured by a Hilger ‘‘ Biochem ” absorptiometer. 


ResuLts.—The results of sub-conjunctival administration are shown 
in Fig. 1. The graph represents the average results of three such 
experiments. [¢t will be seen that a very high concentration (over 20 mg. 
per cent.) was achieved within 30 minutes, and a therapeutic level was 
maintained for three hours. We are unable to explain the two peaks in 
the curve which occurred in each of the three experiments. - 

Very low concentrations of the drug (maximum 2.2 mg per cent.) were 
obtained in the blood by this method of administration. No local ill- 
effects were observed from the injection of the large amount of concen- 


trated solution of PAS sub-conjunctivally. 
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Fic. 1. PAS levels in blood and aqueous after intramuscular injection 
of 300 mg. PAS in rabbits of 2 kg. weight. 
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(6) Intramuscular Administration of PAS. 

METHOD.—Three rabbits of approximately 2 kg. weight were given 150 mg./kg. intra- 
muscularly and estimations of the concentrations in the aqueous and in the blood 
were made in the same way as described above. 


RESULTS.—The results shown in Fig. 2 represent the average of a series 
of three such experiments. The concentrations achieved in the aqueous 
are generally lower than those obtained in the blood. This was also 
recorded by Bietti (1950). Intramuscular injection of PAS in this dosage 
maintained a therapeutic concentration in the aqueous for probably less 
than 90 minutes, though small amounts (about 1.0 mg. per cent.) 
persisted for at least 3 hours. 

Comparison of Figs | and 2 shows that sub-conjunctival administration 
gives a considerably greater concentration in the aqueous over a longer 


7 







aumeee = PAS in Blood 
ps qummmmeme §=PAS in Aqueous 
3 
me) 
3 
5 











en ae sista 


Minutes 30 60 90 120 150 180 


Fic. 2. PAS levels in blood and aqueous after sub-conjunctival injection 


of 150 mg. PAS in each eye of rabbits of 2 kg. weight. 








462 N. W. HORNE AND J. MACASKILL 


period of time than intramuscular injection of the same amount. The 
daily sub-conjunctival injection of PAS however seemed to us to be an 
impracticable procedure. Witmer and Ragaz (1949) have recorded the 
maintenance of effective concentrations of PAS in the aqueous for several 
hours after the injection of as small a dose as 30 mg. sub-conjunctivally, 
and also comment that frequent injections are not practicable. Their 
Observations and our own are in marked contrast with those of Bietti 
(1950) who records low concentrations in the aqueous (less than 0.5 mg. 
per cent. after one hour, 2.0 mg. per cent. after two hours) after sub- 
conjunctival injections of as much as 500 mg. sodium salt of PAS. 


(2) Effect of PAS Alone and in Combination with Streptomycin in the 
Treatment of Tuberculous Ocular Lesions in the Rabbit—Woods, Burky, 
and Friedenwald (1940), in their classical experiments on experimental 
ocular tuberculosis, have drawn attention to the differing course which this 
infection runs in the non-immune animal compared with one which has 
previously received tuberculous infection—the so-called “ immune- 
allergic” animal. They have shown that the course of the disease is more 
restrained in the immune-allergic than in the normal animal. Con- 
sequently, if non-immune animals are used, the drugs under trial are 
subjected to a more severe test. 

In these experiments non-immune rabbits were used. 

The various methods of producing tuberculous lesions in the eye have 
recently been reviewed. We considered that the method described by 
Macaskill and Weatherall (1950) produced lesions which very closely 
resembled clinical tuberculosis of the eye and this method was used in 
the present experiments. 

METHOD.—A strain of mycobacterium tuberculosis, human type C 37688, was used 
and the suspension made as in previous experiments (Macaskill and Weatherall, 1950). 
This was matched against standard opacity tubes and diluted until a suspension con- 
taining approximately 15,000 organisms per ml. was produced. 

Adult rabbits of approximately 2 kg. weight were used. Inoculation was made into 
the anterior chamber under chloroform anaesthesia. The severity of the lesions 
produced was assessed by clinical examination of the eyes in life, by post-mortem search 
for dissemination of the infection, and by histological examination. 

Sixteen rabbits were used and both eyes of each were inoculated with the suspension 
of tubercle bacilli. After 31 days, when nearly all eyes showed signs of infection, the 
rabbits were divided into four groups according to the severity of the lesions and, in 
each group of four, rabbits were allotted to different treatments by a random procedure. 
Treatment lasted 42 days and was as follows: 

Group O. Controls. 

Group S. Streptomycin in daily subcutaneous dosage of 60 mg. dissolved in 
0.3 ml. distilled water. 

Group P. PAS in daily intramuscular dosage of 1.5 ml. 20 per cent. solution. 

Group PS. Combined PAS and streptomycin in above dosage. 

The severity of the lesions was regularly assessed for a period of 11 weeks after 
inoculation, the assessment being made by the method of scoring previously described 
(Macaskill and Weatherall, 1950), the observer being unaware of the treatment which 
the rabbit had received. Some had to be killed before the termination of the experiment. 
All animals were examined post mortem, and histological sections were made of the 
eyes, and of portions of lung, spleen, and kidney. 
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Tuberculin Tests —These were carried out by the intradermal method with 1 in 10 
Old Tuberculin. By the 6th week all the animals showed mild positive tuberculin 


reactions. 


RESULTS.—After inoculation of the eyes with the suspension of tubercle 
bacilli, a transitory redness was seen which lasted 24 to 48 hours, and 
thereafter the eyes were white and quiet and undistinguishable from 
normal eyes. About the 22nd day most of the eyes showed a mild iritis 
and a few days later minute centres of caseation appeared in the iris. These 
grew larger and in some cases later became confluent to form larger areas 
of caseation. In others, thinning and bulging at the corneo-scleral 
junction portended the extension of the disease to the outside of the eye. 

The progress of the groups is shown in Fig. 3. For purposes of com- 
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Fic. 3. Progress of the four separate groups under treatment. (The 
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severity of the lesions). 
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parison, the animals killed before the end of the experiment continued to 
be scored as immediately prior to death, which was considered fair as 
each group was affected. All treated groups did better than the control 
but that using PAS alone only slightly better. Both groups in which 
streptomycin was given were significantly better. During treatment, the 
combined group (PAS and streptomycin) appeared to do best, but after 
cessation of treatment worsening occurred so that the final result in the 
combined group was not so good as that in which streptomycin alone 
was used. The differences between the groups were equally observable 
during life and both macroscopically and histologically at death. 


MACROSCOPIC EXAMINATION 


The extent of the visceral lesions is shown in the following Table, 
When dissemination of tuberculous infection occurred, it was 
limited to the lungs. No macroscopic involvement of liver or spleen 
was observed. 

The group treated by streptomycin showed no evidence of tuber- 


TABLE 


SEVERITY OF OCULAR AND DISSEMINATED LESIONS IN TREATED AND 
CONTROL GROUPS 


























reece Lesions (macroscopic) 
5 a Eyes Lungs 
Treatment | Rabbit | No. of |Average 
Degree Degree 
Group No, Days of of Spleen} Liver 
Case- |Average} Case- |Average 
ation ation | 
(0-8) (0-3) 
278 = 8 ‘ 1 : | : 
279 5 74.8 3.1 5.53 1 1 
Control | 81 62 6 1 0 | 0 
282 112 5 1 0 0 
i 112 ; 3 o>) 4 
7 - 62 81.1 |. 5 2 0 
PAS 277 53 5 1 e128 
280 98 6 3 0 0 
Strepto- 266 53 Mg 0) 0 0 0 
mycin 268 98 79 6 4.06 0 0 0 
and 273 112 4.5 1 0 0 
PAS 275 53 3.5 0 0 | O 
267 | 112 3.12 0 0 | 0 
Strepto- 269 53 84.8 3 3.56 0 0 0 
mycin 270 112 2.12 0 0 0 
276 62 6 0 0 0 
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culosis in the lungs even although the average time of survival was 
greater than in the other groups. In the group treated with strepto- 
mycin and PAS one animal sacrificed on the 112th day showed 
several tuberculous foci in the lungs. In the control group dis- 
seminations were observed in all four animals, even in two killed on 
the 53rd day. All four animals in the PAS-treated group also 
showed dissemination into the lungs. The lesions were severe and 
broncho-pneumonic in type in three animals. 


HISTOPATHOLOGY - 


Microscopic examination of the lungs subsequently confirmed 
the necropsy findings. All four animals in the control group 
showed the presence of large isolated areas of subacute caseating 
disease with some aggregation of epithelioid cells and slight evidence 
of a fibroblastic reaction. By contrast, the animals treated with 
streptomycin showed no histological changes apart from scanty peri- 
vascular and peribronchial lymphocyte collections and a very few 
minute areas of histiocyte aggregations. Of the animals treated with . 
combined streptomycin and PAS, three showed changes similar to 
those in the streptomycin-treated group. The fourth animal how- 
ever—which was killed at the end of the experiment on the 112th day— 
showed extensive caseation with little epithelioid reaction and no 
tendency to healing. In contrast to the other treated groups, all 
four animals treated with PAS showed widespread areas of confluent 
caseation, these areas being surrounded by masses of epithelioid cells. 


One small acute epithelioid tubercle was observed in the spleen of 
two of the control animals. 

It will be seen that the degree of disseminated disease in the lungs 
was least in the streptomycin-treated group, the combined group 
faring rather less well on account of the single animal showing 
extensive disease. Both these groups fared considerably better than 
the control group. By contrast, the PAS-treated group showed 
extensive florid disease of a degree much more severe than that seen 
in the controls. 

The numbers of tubercle bacilli observed in sections stained by the 
Ziehl-Neelsen method were very much greater in the PAS-treated 
animals than in the control group. 


Although the number of animals in each group is small, the 
observations made in those treated with PAS are of interest in 
the light of a recent report by Levaditi and others (1949), who 
observed two distinct phases in the pathology of the lesions in mice 
inoculated with tubercle bacilli and treated with PAS. The first 
tentative healing was followed by a second stage in which 
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recrudescence of the disease and appearance of numerous organisms 
occurred. These workers suggested that the most likely hypothesis 
to account for their findings was that the body’s natural resistance to 
tubercle bacilli is lowered by prolonged PAS administration. 





SUMMARY 


(1) Observations are recorded on the concentration of para- 
aminosalicylic acid (PAS) which can be produced in the intra- 
ocular fluid in rabbits following sub-conjunctival and intramuscular 
injection. 

(2) The effect upon experimentally produced tuberculous infection 
of the iris and ciliary body of PAS alone and in conjunction with 
streptomycin are recorded. All treated groups fared better than the 
controls. In the dosage used by us, PAS appeared to have little 
beneficial. effect, and no significant enhancement of the effect of 
streptomycin was observed. 


(3) In the PAS-treated group, the disseminated lung lesions were 
- much more severe, and showed more numerous tubercle bacilli, than 
the other treated groups and the controls. 


The expenses of this investigation were defrayed by the W. H. Ross Foundation 
(Scotland) for the Prevention of Blindness, for whose help we are most grateful. We 
wish to thank Professor Charles Cameron for his willing help and advice and for 
providing facilities at the laboratory at Southfield Sanatorium. Professor Murray 
Drennan of the Department of Pathology kindly reported on the histological sections 
and provided laboratory assistance in their preparation. We are indebted to 
Dr. J. R. Duguid of the Bacteriology Department for the suspension of tubercle bacilli 
used. Mr. David Hay gave us invaluable technical assistance. 
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SIGHT OF UNDERGRADUATES* 
LOSS OF VISUAL ACUITY 


BY 
R. W. PARNELL 
Institute of Social Medicine, Oxford 


MEASUREMENT Of individual sight among students not only enables 
individual diagnosis and prescription, but may determine vocational 
fitness, or aptitude for particular tasks. FFirst-rate sight may be 
necessary for the University Air Squadron, or again, colour-vision 
defect may handicap a chemist whose work depends on colour 
indicators, and it may be better to know of any defect before the final 
examination takes place. Measurement of sight in a large group sets 
a standard of normality which may serve for comparison between 
university students and persons in other occupations. A knowledge 
of the proportion and extent of errors of refraction in each group of 
the population allows estimates to be made of the cost of ophthalmic 
services. If no young adult population is known with worse eyesight 
than university students, it may be because too few groups have been 
studied. Undergraduates’ sight will be shown to be substantially 
worse than that of the 18-year-old men examined by National 
Service Boards in 1939. 


The relative incidence of hypermetropia and myopia (under atropine 
cycloplegia) is fully discussed in most standard text-books of ophthal- 
mology. Duke-Elder (1949) for example, shows how the incidence 
varies with age, race, and geographic region. It is generally known, 
too, that although hypermetropia is commoner than myopia in most 
parts of the world, more young adults wear glasses for myopia because 
those with hypermetropia are more often able to overcome their 
handicap without strain. But in seeking to compare the visual acuity 
of various groups in the population difficulties are soon encountered. 
Many authorities provide scanty information or none concerning the 
frequency with which defective visual acuity may be expected. This 
is largely because the samples studied have referred to hospital 
patients or to other groups equally unrepresentative of the community 
with regard to age, sex, or occupation. If the correction of errors of 
refraction under the National Health Service has recently proved 
unexpectedly expensive it may partly be due to greater emphasis 
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having been placed in the past on the defects themselves than on how 
they affect the nation. Keil (1949), discussing the development of 
visual acuity during childhood, reported good sight (6/6 in metres, 
20/20 in feet to Snellen’s test type) in 16 per cent. of children aged 3 to 
4 years, 56 per cent. of those aged 6, and 75 per cent. of those aged 14. 
He expressed the opinion, though without supporting evidence, that 
from 14 to 25 years of age there is probably a gradual increase in 
visual acuity, and that after this a general decline begins which is 
not attributable to disease. Evidence from the present survey suggests 
that visual acuity in undergraduates has already started to decline in 
the period from 17 to 25 years. Increasing loss of sight is a 
recognized concomitant of old age, but, viewed from either a physio- 
logical or geriatric standpoint, it is interesting to find decline of visual 
acuity already advancing in young adult life, in the same way indeed 
as auditory acuity may be lost or arteriosclerosis may progress. 

Study may injure sight, or those with poor sight, being free from 
the distraction of outside activities, may find more time for study. 
A third unrelated or unrecognized factor may exercise selective 
influence. For example, more scholars may have been advised to 
start their university course before doing military training, or having 
poor sight may have been exempt from military service. On the 
other hand, Forces Educational Training Grants were available mainly 
to ex-service students, that is to those who had passed the filter of 
a medical board on entering the service. Such factors complicate 
the picture, making it more difficult to unravel the truth. On account 
of their small size, samples available at present do not always permit 
conclusive answers, but mere material is in course of collection and 
the present position is stated below. 


OCULAR DEFECTS 


The ocular defects found among 474 undergraduates at the initial 
health examination are summarized in Table I. Five per cent. of 














TABLE I 
OCULAR DEFECTS. PERCENTAGE DISTRIBUTION BY SEX 
| 
Defect | Men (297) | Women (177) 
Myopia ... Seid 31 33 
Astigmatism | 10 13 
Hypermetropia ... Fi ie i 4 8 8 
Strabismus eas seg Sb aa ges 4 2 4 
Conjunctivitis ... vag aa er ae sie | 2 | 2 
Other eye defect se Ay. fl ese | 8 3 
| | 
Percentage of students affected | 44 50 
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each sex were referred to an ophthalmic surgeon, oculist, or optician. 
In the year which followed the initial examination, 21 per cent. of 
men and 24 per cent. of women received refraction tests, but 7 and 
10 per cent. respectively were not found to require new glasses. 
After the advent of the National Health Ophthalmic Service more 
use was made of it than might have been predicted from previous 
experience. Altogether 18 per cent. of the present sample of 
students obtained new glasses between 5 July, 1948, and the Easter 
vacation, 1949. 


Neither the number of glasses provided nor the proportion of 
students who actually use their glasses or wear them at the time of 
interview is an adequate measure of the extent of ocular defects. 
Minor degrees of imbalance, though sufficient to cause symptoms, 
would escape being counted. But it is of interest to find in a report 
from Michigan University (1945) that the proportion of students who 
have at some time worn glasses has increased in successive years 
from 24 per cent. in 1919 to 42 per cent. in 1940. At Cambridge in 
1948-49, 31 per cent. of 1,727 undergraduates wore glasses (Rook, 
1950). 


VISUAL ACUITY 


Sex.—Snellen test type was used for testing visual acuity. No 
significant difference in acuity was found between the sexes 
(Table II). 

TABLE Il 
VISUAL ACUITY. PERCENTAGE DISTRIBUTION BY SEX 





| | 
Grade Metres | Feet Men (279) | Women (170) 

















| 
Gib ae ae ee 16.2) | 13.9 
6/9 | 20/30 47.8 ; 4.0 | 45.2 } 59.1 
6/12 | 20/40 13 8.8 ) 
Medium... ... | 6/18 ~—«|~=—s«20/60 as 163 68 | oot 
6/24 | 20/80 4.5 65 | 
Peek a eae Fe 4.1) | 3.5) 
| 6/60 | 20/100 15:7 198 15.4) | 18.9 
| or worse or worse 





AGE.—Analysis by age groups is omitted here because of the 
necessity to consider those passed for military service separately from 
the remainder. Sub-division into three age groups produces too 
small samples. 


ANNUAL RE-TESTING.—Fortunately another method is available, 
which is better in that the rate of deterioration is determined in a 
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TABLE III 


VISUAL ACUITY (UNAIDED) 
DETERIORATION IN ONE YEAR IN A PARTICULAR SAMPLE 


Men (150) | Women (107) | Both Sexes 











Visual Acuity 
Year Mane Diff. ins Year | Diff. | Difference 


. | 6/6 ee cee ees, 
| 6/9 | 139 | 133 | —6 | 105 


6/12 | 23 | 23 0 | 19 | 22 | +3 +3 
| 








24 —3 —5 
102 —3 | —9 











Medium ...| 6/18 | 13 | 14 | +1 | 14 —2 ect 
| 624 | 17 | 15 | —2 | | 12] 41 —1 


PONE Sher eh ae 13 | 16 | +3 | 7 
| 6/60 61) 67 | +6 | SI 


| or worse 
particular sample re-examined after 12 months. In this way possible 
errors resulting from the employment of varying samples are 
minimized. 

In Table III are reported 514 observations of visual acuity, and 
the difference in that particular sample after one year. During this 
interval fourteen eyes left the group with good visual acuity and 
thirteeen entered the group with poor visual acuity. 

Test Conditions.—The test was carried out using the same test type in the same 
surroundings, and the rule throughout was that the complete line had to be read 
correctly. A second chance was given if one mistake was made. Although this 
should not be revelant it might be considered unfair to omit mentioning that the 
recorder changed before the second observations were complete. 


The rate of deterioration would be subject to criticism on the 
grounds that because the change is small it is not easy to estimate 
correctly on a sample of only 257 persons. Lastly, because I could 
find no published account of annual re-testing in Great Britain, 
no comparison with results at other British universities was possible. 














9 +2 +5 
33 +2 +8 











RaTE OF DeTERIORATION.—These limitations being borne in mind, it 
seems that 2 to 3 per cent. may be expected to leave the group with 
good sight each year and that about the same proportion will be 
added to that with bad visual acuity. A similar but slightly slower 
rate of deterioration of visual acuity was reported by Boynton (1936). 
Of 1,000 students, 18.2 per cent. had a visual acuity of 20/50 or less 
at enrolment, but this proportion had risen to 23.9 per cent, at the 
end of 4 years, an annual increase of 1.4 per cent, This author also 
noted that the students with lowest visual acuity on entry had the 
most marked decrease in vision at the end of 4 years, and that the 
better students (judged by a college ability test) tended to have 
poorer sight. 
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COMPARISON WITH OTHER GROUPS 


A difference in visual acuity between university students and 
young men of 18 in the general population is demonstrated in 
Table IV. 


TABLE IV 


VISUAL ACUITY 
UNDERGRADUATES COMPARED WITH OTHER YOUNG MEN 





: 90,913 at 
Number Examined 279 at Oxford Medical Boards 





6/6 or better in both eyes... . 65. 
6/6 or better in one, the other worse 13. 
Visual 6/9 6/12 | in both ... ts ee 
Acuity 
Percentages | 6/9—6/12 in one, the other worse . 
6/18—6/36 in both ... ee 


| 

65 
6/18—6/36 in one, On rai worse 4) 41 
6/60 or less in both . ‘ : 


3 | 8638 





8.4 








4.8 











The figures for young men of 18 throughout England and Wales 
are taken from an analysis of the tests carried out by National 
Service Boards in 1939 (Martin, 1949). It seems that good sight is 
less common at Oxford, and poor sight is four or more times more 
common among undergraduates than in the general community. It 
is interesting to note that when similar tests were carried out on 
Oxford undergraduates by Schuster (1911) he reported 18 per cent. 
as having distinctly bad eyesight. The total number of errors of 
refraction is not, of course, revealed by Snellen’s test. Short sight 
and moderately severe astigmatism are detected, though not 
distinguished from one another, but long sight and minor degrees of 
astigmatism may pass unnoticed. 

Having shown this contrast between university students and 
others in the matter of visual acuity, the question may be asked 
whether the rate of deterioration of sight found among students 
could itself account for the difference between students and others. 
If from two to three per cent. leave the group with good sight annually, 
in the seven years from the age of 14 to 21 an approximate total of 
{4 to 21 per cent. of students would appear in the group with less 
than good sight, This calculation is only an approximation based 
on the questionable assumption that the eyesight would deteriorate 
at a uniform rate, A rate of deterioration of this order would, 
however, supposing it to be caused mainly by excessive reading, be 
capable of bringing about the difference observed between students 
and others. Furthermore, injury to sight among the studious may 
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overtake natural improvement in visual acuity before the age of 14. 
The available evidence supports, or at least does not disprove, the 
contention that the poor sight of undergraduates results from 
excessive reading. ; 


SUMMARY 


(1) Existing ophthalmological literature lacks references to the 


prevalence of defective visual acuity in certain groups of the 
population. 


(2) The prevalence of common ocular defects among under- 
graduates, nearly a third of whom wear glasses, is recorded. 


(3) The sight of undergraduates is four times worse than that of 
18-year-old men in the general population; the general population 
was assessed by the findings of national service medical boards. 


(4) Deterioration of visual acuity occurs while at the university. 


(5) An attempt to estimate the rate of deterioration of visual acuity 


(excluding transient disturbance) suggests that the rate is slow. 
It may, nevertheless, be sufficient to account for the substantial 


difference between students and the general population of 18-year-old 
men. 
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ANGIOGRAPHY OF THE NORMAL OPHTHALMIC 
ARTERY AND CHOROIDAL PLEXUS OF THE EYE* 


BY 


P, H. SCHURR 


From the Department of Neurosurgery, Radcliffe Infirmary, Oxford 


THE ophthalmic artery is nearly always visible for at least part of its 
course in lateral carotid arteriograms. It is not generally recognized, 
however, that the choroidal plexus of the eye can also be demon- 
strated by means of angiography. 

The angiographic appearances of these structures have been 
studied in films made with the rapid serial apparatus devised by 
Schuster and Curtis (Curtis, 1949). This machine is capable of 
producing 25 radiograms of the skull at intervals of +, , or 1 second. 
A more comprehensive picture of the cerebral circulation can thus 
be obtained than by the usual technique in which films are exposed 
2, 4, and 8 seconds after beginning the injection of contrast substance. 
The percutaneous technique was employed, and 10 ml. 35 per cent. 
diodonet+ were injected into the common or internal carotid artery 


in the neck. 


Serial films of seventeen patients showing normal angiograms, and four 
with obstructed cerebral circulation, were examined; in all of them the 
ophthalmic artery was visible. This artery is seen to arise from the 
internal carotid as it emerges from the cavernous sinus close to the anterior 
clinoid process (Figs 1, 2, and 3). The main trunk of the ophthalmic 
artery is considerably larger than any_of its branches, including the 
lacrimal and supra-orbital, a point which is not always clear in text-book 
diagrams. The artery pursues a slightly tortuous course, largely on 
account of the freedom of movement which must be allowed to its branches 
in order to permit rotation of the eyeball. It is unlikely, therefore, that 
displacements by space occupying lesions within the orbit would be easy 
to detect. 

Only a few of the branches of the artery are discernible in most arterio- 
grams. The supra-orbital artery can occasionally be found in angiograms, 
‘and more often the terminal nasal branch can be seen anastomosing with 
the facial artery. The frontal branches of the ophthalmic artery can 
sometimes be seen, but the remaining vessels are too numerous for 
identification even though they may be visible. 


The ophthalmic artery was found to fill less than half a second 
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Fic. 1.—Lateral arteriogram (14 sec.) showing the ophthalmic artery 
and the cerebral branches of the internal carotid artery. The portion 
illustrated in the next figure is indicated. 


Fic. 2.—Lateral angiogram (54 sec.). Part of a later frame from the 
same serial film as Fig. 1 showing the ophthalmic —_— and the choroidal 
plexus of the eye (arrow). 
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later than the carotid siphon, and to remain filled for half a second 

after the larger artery had emptied. The average duration of filling 

was from 1? to 2} seconds after the start of the injection. Whitnall 

(1932) observed that the lumen of the internal carotid artery decreased 

in size beyond the origin of the ophthalmic artery, and this is 

confirmed in the majority of arteriograms, although sometimes’ the 
narrowing does not take place until just before the carotid artery 
joins the circle of Willis. It was suggested by Whitnall that this 
narrowing helps to deflect the blood stream into the ophthalmic 
artery, which is given off in a direction opposite to that of the 
carotid blood stream. The rapidity with which the ophthalmic 

vessels fill is clear from serial angiograms. . 

The choroidal plexus of the 
eyeball was seen in ten of the 
seventeen normal films exam- 
ined. It takes the form of a 
thin crescent in the outer two- 
thirds of the orbit (Figs 2 and 
3). The average time at which 
this becomes visible is 2 seconds 
after the beginning of the 

ee : injection into the carotid artery 

— se en ene in the neck, and it remains 
Bees nterior and post. Visible for an average of 33 

ps eee ( crior ciliary arteries, seconds. The first part to fill, 


and central artery 


(3) Tarsal arcade (approximate course) when this can be observed, is 
(4) Internal palpebral =) Lacrimal artery always above the meridian of 


ranches (approximate course) 


upra-orbital artery (2) OPhthalmic artery the globe. It seems that the 
(6) Choroidal plenus "0 Iateralearotid lexus shadow is cast mainly by 
venous channels since it usually 
begins to appear when the ophthalmic artery is fading, and stays 
filled during the venous phase of the cerebral circulation (Fig. 4, 
overleaf). The relation between these two is variable, but in most 
cases the choroidal plexus had disappeared by the middle of -the 
period of cerebral venous filling (53 seconds after injection). 

It will be seen, therefore, that these appearances are not very 
likely to be missed by the usual series of films taken 2, 4, and 8 seconds 
after the beginning of the injection. However, recognition is not 
easy, and it is often only by watching the gradual arrival and dis- 
appearance of the contrast shadow in serial films that these fine 
vessels can be distinguished from the outlines of the bone which 
overlies them. 

It seems that the orbital vessels are more clearly seen when there 
is an obstruction of part of the cerebral circulation. In three cases 
of thrombosis of the middle cerebral artery, the choroidal plexus of 
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A. 2% seconds after in- 
jection of contrast. 








B. 6 seconds after in- 
jection of contrast. 





Ce os rere ee a = 
toon i Rees 





C. Plain radiogram for 
comparison. 





Fic. 4.—Part of three frames from a normal serial angiogram, showing 
stages in the filling of the choroidal plexus (arrow). 

In this case the circulation time in the orbit was a little slower than the 
average time taken in the ten normal cases in which the choroidal plexus 
was seen. 
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the eyeball was clearly demonstrated. Another patient with a 
jugular thrombosis showed a normal arteriogram for the first 
2 seconds, after which the anterior cerebral artery suddenly ceased 
to fill, presumably on account of pressure changes in the circle of 
Willis or a temporary spasm as there were no after effects, and at the 
same moment the orbital vessels became more distinct (Figs 1 and 2). 


When diodone enters the circulation of the eye, it causes an intense 
burning pain for the duration of its stay there; this may rarely be 
accompanied by a flash of light. This pain is a useful indication of 
the successful passage of contrast into the cerebral vessels. It seems 
that diodone stimulates the perivascular sympathetic plexus, for the 
injection is followed by dilatation of the pupil. When the diodone 
is injected into the common carotid, thus filling the branches of the 
external as well as the internal carotid, the pain in the eye is sometimes 
obscured by simultaneous pain in the face. If the external carotid 
vessels are filled there is blanching of the skin of the face, followed by 
intense flushing, though sometimes the flush alone is seen; there is 
also temporary injection of the conjunctiva. 


Ophthalmoscopic examination of the fundus during angiography 
may show momentary blanching of the arteries followed by an 
increase in the blood flow, comparable with the flush seen in the 
face. The fact of the ability of pial arteries to contract is now 
established (Forbes and Wolff, 1928; Penfield,.1932), and, among 
the earlier workers on this subject, Hirschfelder (1915) compared 
the reactions of the retinal and pial arteries to drugs. He found that 
active vasoconstriction occurred in both pial and retinal arteries 
after the injection of adrenaline. Whatever may be the mechanism 
of these effects, it follows that examination of the fundus may shed 
some light on the reaction of cerebral vessels to the intra-arterial 
injection of diodone and other contrast substances. One case 
(R.I. 102582/49) in which there was an unusual ocular response to 
diodone was recently reported by Curtis (1951). 


Case REPORT 


The patient, a man of 67, with a history of coronary thrombosis and weakness and 
paraesthesiae of the left hand, suffered a focal seizure involving the left side of the 
body after the injection of 10 ml. 35 per cent. diodone into the right common carotid 
artery. Later the same day he observed some impairment of vision in the right eye. 
Ophthalmological examination showed this to be due to spasm of the right retinal 
artery. After treatment with subconjunctival injections of acetyl choline (0.5 ml. of 
0.1 per cent. solution) there was some recovery of vision, but a central scotoma has 
remained. 


Angiography of the orbital structures is a field which is largely 
unexplored and deserves the attention of ophthalmologists and 
radiologists. Apart from the more obvious application of the 





478 P. H. SCHURR 


method to the depiction of vascular abnormalities, it is possible that . 
a technique could be developed which would also be of use in the 
demonstration and differential diagnosis of orbital and ocular 
neoplasms. 


SUMMARY 


The angiographic appearances of the ophthalmic artery and the 
choroidal plexus of the eye are described, with a note on some 
aspects of the physiology of the ocular circulation. 


I am very grateful to Sir Hugh Cairns for his helpful criticism of this paper. I should 
also like to thank Miss A. J. Arnott for drawing the diagram. 
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CONJUNCTIVAL ANGIOSCOPY* 
BY : 


PAUL WEINSTEIN Aanp JOSEPH FORGACS 
From the Department of Ophthalmology, Budapest University 


ACCORDING to Rollin (1934), Pletnava (1938), and Sédan and 
Sédan-Bauby (1949), the condition of the conjunctival vessels is a 
reliable guide to the state of the circulatory system in hypertonic 
individuals. Different types of conjunctival aneurysms (Fig. 1), for 
instance, have been associated with different diseases of the 
circulatory system (Miller, 1949), and more recently McCulloch and 
Pashby (1950) have described berry-shaped conjunctival dilatations 
in a considerable number of diabetic cases. 


Fic. 1.—Ditterent types of conjunctival aneurysms in different diseases 
(after Miller, from Berliner, 1949). [1-12, arteriosclerosis ; 13-21, 
nephritis ; 23-24, leukaemia]. 


In order to secure further data we have made photographic records 
of pathological changes in the conjunctival vessels. For this 
purpose the photomicrographic apparatus of Leitz attached to a 
Haag-Streit slit lamp was used (time of exposure 0.1 sec. at 6 ampéres, 
using 4.5 x 6cm. x-ray film) and, as will be seen from the accompanying 
figures, photographs rich in detail were obtained. 
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Three forms of aneurysms 
could be distinguished ; a 
saccular type occurring in cases 
of arteriosclerosis (Fig. 2) and 
situated usually at the bifurca- 
tion of the vessels, a fusiform 
type seen in cases of hyper- 
tension (Figs 3 and 4), and a 
berry-shaped type occurring 
mainly in diabetic subjects (Fig. 
5). It should be emphasized, 
however, that these different 
types of vascular dilatations 
may be found occasionally in 
the conjunctivae of normal 
persons, their incidence increas- 
ing with advancing age. We 
are able to confirm the statement 
of McCulloch and Pashby that 
berry-shaped -aneurysms occur 
r — in the or — in 55 

r cent. of diabetic cases 
Pi ee Snare be (Fig. 6). Furthermore, retinal 





arteriosclerosis. 











Fic. 3.—Fusiform aneurysm in Fic. 4.—Fusiform aneurysms 
hypertension. (C). d: v. aquea. 










































CONJUNCTIVAL ANGIOSCOP Y 481 





Fic. 5. Berry-like aneurysm in a Fic. 6.—Berry-like aneurysms in 
normal case. diabetes. 


micro-aneurysms, as described by Ballantyne and Loewenstein (1943), 
Ashton (1949), and Friedenwaid (1950), were present in 20 per cent. 
of 150 diabetics, but the retinopathy was independent of the con- 
junctival aneurysms. It is interesting to note that in 70 per cent. of 
the diabetic cases with simultaneous retinal and conjunctival 
aneurysms, an abnormal electrocardiogram was present. 

What is the significance of these aneurysms ? We believe that in 
attempting to answer this question certain hydromechanical rules may 
be applicable, especially since aneurysms may be found in conditions 
which cannot be regarded as pathological. Within the observational 
period of one week, a conjunctival aneurysm may change its shape. 
A saccular aneurysm, for instance, may become fusiform (Figs 7 and 
8). The vessel adapts itself to the varying conditions in the circula- 
tion and the aneurysmal dilatation is thus an expression of a functional 
vasomotion (Zweifach, 1950). Kiss and Orban (1950) have recently 
described “‘ bulbiculi ” in the venae vorticosae (Fig. 9), irregularities 
which cannot be regarded as pathological since they were found even 
in early youth; these too may be explicable on the same basis. 
According to Bernoulli’s rule for liquids streaming within a tube, the 
product of the velocity and the pressure is constant at every cross- 
section of the tube. Thus at positions of dilatation, velocity is less 
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Fic. 7.—Ring-like aneurysm. Fic. 8. _Vasomotion of the aneurysm 
seen in Fig. 7. 


Fic. 9. Bulbiculus 
of venae vorticosae 
(after Kiss and 
Orban, 1950): 





and pressure greater and vice versa. In the case of the arterial 
circulation, this means that circulation within capillaries leading 
from a dilated vessel, takes place at a higher pressure than in those 
leading from constricted vessels. In venous dilatations, mainly 
occurring in diabetes, Venturi’s rule applies, which states that the 
pressure of a fluid flowing through a constriction is less than that op 
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either side; a vessel joining at the site of the constriction would, 
therefore, be subjected to suction. It will thus be seen that 
aneurysmal dilatations, both on the arterial and venous side, may 
serve as equilibrating reservoirs. Fluid injected intermittently into a 
U-shaped rigid tube emerges intermittently at both ends, but if a 
rubber tube be inserted into one of the branches, which now becomes 
capable of extension, the streaming within this branch becomes 
continuous while remaining intermittent in the other. Similarly, 
aneurysms may serve to ensure an even blood supply within the 
capillaries. 
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BINOCULAR VISION IN LIGHT ADAPTATION 
AND DARK ADAPTATION IN NORMAL 






SUBJECTS AND COAL-MINERS* 


DOROTHY ADAMS CAMPBELL, RENEE HARRISON, 
AND JEAN VERTIGEN 
From the Research Department, Birmingham and Midland Eye Hospital 


PART I. COAL-MINERS 


HAVING established the behaviour of the normal subject when tested 
on the synoptophore under specified conditions of light adaptation 
and dark adaptation (Campbell and others, 1951), we have used the 
same methods to examine a large number of coal-miners (some 
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Fic. 7.—Fusion angles in normal subjects 
(a) and (b), and coal-miners (c) and (d), in 


light adaptation and dark adaptation. 
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employed on the coal-face, and 
some certified as suffering from 
coal-miners’ nystagmus). 

In our former observations 
(Campbell and others, 1948), the 
number of subjects available 
was too small for a detailed 
comparison, but it was obvious 
that normal coal-miners have 
remarkably high levels of stereo- 
scopic vision and adduction. 
They tend to adopt an abnormal 
fixation in the dark since they 
habitually look upwards, and, 
in addition, the corneal reflexes 
are high. 

We have now recorded the 
results as simply as possible, and 
have, therefore, omitted the 
actual synoptophore readings. 
Additional information is in- 
cluded as to the effect of age, 
and the degree of accommoda- 


tion for half-distance, since both these factors enter into the miner’s 


normal working life. 


. NORMAL COAL-MINERS 


The visual acuity of the normal miners (90 subjects) was not so 
good on the whole as that of the non-mining controls (Campbell 
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and others, 1951) but 65 per cent. had a visual acuity of at least 6/12 
in the poorer eye, and only 3 per cent. less than 6/24. The group 
included very few subjects with large errors of refraction. 

Fusion 

InN LiGHT ADAPTATION.—The accompanying figures show that in 
unaccommodated vision the fusion angle in miners is much the same 
as in normal individuals, i.e., approximately 45 per cent. fused at 0° 
in the light, and 30 per cent. in the dark (Fig. 7, a, c), and a further 
40 per cent. fused at between +1° and +4° in both light- and dark- 
adaptatioh. Age has little effect (Fig. 8, a, c). 

With Accommodation for Half-Distance (to —1.50 ds) quite a number of miners 
continue to maintain fusion at 0° (30 per cent. in the light and 25 per cent. in the dark, 
in comparison with non-miners’ 7 per cent. and 2 per cent. respectively, Fig. 7, b, d). 
The remainder do not develop so large a convergent angle in the light (Fig. 8, b, f) as 
do non-miners. 50 per cent. of older subjects (as compared with 77 per cent. of non- 
miners) in Groups B and C developed a fusion angle of +5° to + 10° (Fig. 8, 5, f). 
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IN DarK ADAPTATION.—In distant vision the fusion curves were 
similar for subjects of all ages (Fig. 8, c) while in the half-distance, as 


in the case of non-miners (Fig. 8 


Groups B and C were identical. 


d, h) the curves for subjects in 


It may be concluded that prolonged work in the dark steadies the 


angle of fusion. 
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Fic. 10.—Stereoscopic vision in normal 
subjects (a) and (b), and in coal-miners 
(c) and (d), distance and half-distance. 


E, excellent (§-3); G, good (§-8); P, poor (g or less). 





Adduction 


In 121 subjects of all ages, 
adduction was maintained at 
a high level, both in light- 
and dark-adaptation, with 
or without accommodation 
(Fig. 9). Adduction improved 
with accommodation in 
accordance with the recognized 
behaviour of the eye, but 
miners of advanced years did 
not fail (Fig. 9, a to d) as one 
might expect; in fact, in dark 
adaptation 60 per cent. of the 
men in Group C (over 54 years 
of age) had an adduction of 20° 
or over. These observations 
suggest that long-continued work 
in the dark prolongs the ability 
to perform adduction, even at 
an age when accommodation is 
normally failing. 


Stereoscopic Vision 


The stereoscopic vision of 
coal-miners is exceptionally 
good, particularly in accommod- 
ation, when an improvement 
occurs which is not shown by 
non-mining subjects (Fig. 10). 
This is true for all age groups 
(Fig. 11, overleaf). Dark 


adaptation appears to have little effect on stereoscopic vision. 





SUBJECTS SUFFERING FROM COAL-MINERS’ NYSTAGMUS 


In the cases of coal-miners’ nystagmus, of whom 275 were 
examined, it was found that the binocular vision of those certified for 
longer than three months differed from that of those certified more 
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Fic. 11.—Effect of age on stereoscopic] vision in normal subjects and in 
coal-miners, distance and half-distance. 
A, young subjects, 25-44 years; B, presbyopes, 45-54 years; C, old subjects, 55-70 years. 


recently. This may have been due to a return to life in the daylight, 
or to the psychological effects of a long period of visual disability. 


CLINICAL OBSERVATIONS.—A careful analysis of miners afflicted 
with oscillations has shown that various stages of disability can occur: 


(a) Cases of unilateral oscillation are often found in the early stages of the disease, 
or during recovery. Wellwood Ferguson (1951) has shown that the ambit of movement 
occurs round the axis of astigmatism, if any. 

(b) Oscillations may be present in the upward gaze only, and the subject can steady 
his eyes by looking down, and by tilting his head backwards, i.e., by action of the 
extensor muscles of the neck. This leads to an appreciable improvement in visual 
acuity. If this extensor movement is combined with the upward gaze the oscillations 
are accentuated. 

(c) Oscillations may be present in the horizontal gaze also. In this case the miner 
attempts to control his eyes by quick lateral movements, or by averting his face so as 
to maintain his eyes in a position of lateral deviation. In the former case he may 
show alternating macular suppression, and in the latter, persistent macular suppression 
of the ‘ forward’ eye. The postures of backward head tilt, and of rotation of the face, 
which are characteristic of miners afflicted with nystagmus, have previously been 
ascribed to photophobia. 
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(d) In the most severe cases oscillations occur in every direction and are uncontrollable. 
The subject may then be hyper-excitable, and afflicted with tremors of the head and 
body muscles, or flaccid and apathetic. 


The presence of oscillations, particularly of the first degree, does 
not necessarily take away the ability to perform the tests for binocular 
vision, indeed, quite a number of the men had good binocular vision. 
On the synoptophore tests the subjects mostly complain of photo- 
phobia and giddiness even with a low illumination of the test object. 
It is these symptoms rather than the actual oscillations which render 
the subject unable to perform a binocular vision test. 


In our series of 200 cases there were 43 per cent. of subjects with 
obvious defects of binocular vision. Only a few of these defects 
(6 per cent.) were associated with large errors of refraction, and in 
these cases the oscillations were usually absent, i.e., they were subjects 
whose binocular vision would have failed whatever occupation they 
were in. 


The remainder suffered mainly from poor adduction, over-con- 
vergence and macular suppression. The last probably develops, 
as we have already suggested, as a defensive mechanism at the onset 
of oscillations, and is always to be found in those subjects who show 
constant lateral deviation of the eyes and of the face. Similarly, the 
over-convergence is of a ‘ voluntary ’ type and is plainly used as a 
mechanism with which to check the oscillations. 


Visual acuity fails in coal-miners’ nystagmus owing to the presence 
of oscillations and is often diminished in the emmetropic subject. 
It is often impossible to do a refraction in the early stages of the 
disease and, indeed, the . subject often appears to be over- 
accommodating. For this reason the cases submitted to the test on 
the synoptophore were selected from those in whom photophobia 
and giddiness were at a minimum. In fact, 25 per cent. of those 
tested had 6/12 vision or better, 40 per cent. had 6/24 or 6/18, 
and 35 per cent. under 6/24 in the poorer eye. 


The standards of brightness used in each test were the same as 
those employed for the non-miners and normal coal-miners: 
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Fic. 12.—Fusion angles in coal-miners 
with nystagmus of more or less than 
3 months’ duration. 


this disease (see Table V). 
Young subjects in half-distant 
vision in light adaptation (Fig. 9, 


e to /), and old subjects in 
distant vision in dark adaptd- 
tion, were the only groups to 
show a degree of adduction ,., 
comparable with that of normal 
coal-miners. s 
In the process of natural « 
recovery, as judged by 81 cases 
certified for longer than 3 ¥4 
months, the performance in § 
distant vision was still poor, 2 


while accommodation stimu- 
lated adduction (Fig. 9, f, A). 
Young subjects, particularly 
when dark adapted, fel) into two 
groups: SO per cent. had an 


adduction of over 20°, and 30 
per cent. had poor adduction 
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RESULTS 

Fusion 

The cases of coal-miners’ 
nystagmus follow the same 
pattern as those of normal coal- 
miners (Fig. 12). Recovery in 
all of them is in the direction 
of a less convergent angle of 
fusion (cf. Fig. 12, c, d, with 
Fig. 12, a, b), but the process is 
retarded with age. A surprising 
number of subjects regain fusion 
at 0°. 


Adduction 


There is an obvious failure of 
adduction in the early stages of 
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TABLE V 


COMPARISON OF ADDUCTION ANGLE IN NON-MINERS, 
NORMAL COAL-MINERS, AND COAL-MINERS WITH NYSTAGMUS 





Percentage of Subjects 
Light Adaptation Dark Adaptation 
Distance Half-Distance Distance Half-Distance 
Adduction Angle Adduction Angle Adduction Angle Adduction Angle 
(degrees) (degrees) (degrees) (degrees) 














Group 

















<10° ]10-197] >19°| <10>] 10-19] >19°] <10°{10-19°] >19°| <10°| 10-19] >19° 
Non-miners (90) | 22 | 56 | 22 | 26 | 40 | 34 | 2 | 49 | 27 | 21 | 28 | 41 
Normal (121) | 28 | 56 | 16 | 16 | 50 | 34 | 2 | 0 | 16 | 16 | 47 | 37 
44 | 42 | 14 | 26 | 55 | 19 | 35 | 43 | 22 | 29 | 39 | 32 
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Stereoscopic Vision 


In all our tests, subjects afflicted with coal-miners’ nystagmus had 
poorer stereoscopic vision than normal coal-miners (Figs 10 and 13). 
In the early months after certification their stereoscopic vision was 
equal to that of non-miners when unaccommodated, and showed a 
slight decline in dark adaptation, and with age. In accommodation 
their performance was better than that of non-miners (Figs 10 
and 13). 


In the later months, and during the period of “‘ natural ” recovery, 
stereoscopic vision in the unaccommodated eye showed a further 
failure, and was very poor in 40 per cent. of subjects in every age 
group (Fig. 14, overleaf). 


The effect of accommodation in causing an improvement in 
stereoscopic vision is again seen (see Fig. 13) and the performance 
resembles that of the normal coal-miner, rather than that of the 
non-miner (cf. Figs 10 and 13). 


The relationship between stereoscopic vision and adduction 
previously described (Campbell and others, 1948) viz.,that coal-miners 
with good stereoscopic vision have a good level of adduction, whereas 
those with poor stereoscopic vision have hardly any power of 
adduction, still proved to be true after our analysis of a much larger 
number of cases. 


A few additional tests were made on the synoptophore ona group 
of twenty non-miners and twenty cases of coal-miners’ nystagmus, 
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Fic, 14.—Effect of age on stereoscopic vision in coal-miners with nystagmus 
of more or less than 3 months’ duration. 


using 1/1000 Wratten filters which gave the following test-brightnesses, 
which were still above the critical threshold: 
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Fig. 15 shows that under these conditions the normal subject still 
maintains his binocular functions in dark adaptation, but amongst 


the coal-miners’ nystagmus cases there was a complete failure of 
stereoscopic vision in four cases, of fusion in six, and of adduction 


in fourteen. No non-miner showed total failure of these functions. 
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Fic. 15.—Binocular vision (Fusion, Adduction, and Stereopsis) in minimal 
illumination in non-miners, and in coal-miners with nystagmus. 


On further reduction of brightness the test patches began to 
scintillate in a corpuscular manner. They were suffused with waves 
of colour. (lime-green and mauve) and no binocular records were 
possible. 
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CONCLUSIONS 


In our former communication (Campbell and others, 1948) it was 
suggested that a breakdown in binocular vision might occur under 
conditions of low illumination and that this might be one of the 
primary causes for the onset of coal-miners’ nystagmus. More recent 
observations (Campbell and others, 1951), show that in normal 
subjects dark adaptation per se does not cause such a breakdown, and 
that coal-miners who have worked for many years underground 
possess better binocular vision than non-mining subjects. The failure 
which occurs in coal-miners’ nystagmus appears to be the result and 
not the cause of the oscillations. Probably the most useful binocular 
function and the last to be affected by dark adaptation, is stereoscopic 
vision. Nevertheless, it would appear to be eminently desirable to 
check the binocular vision of men who are to be skilled workers, 
e.g., coal-getters and repairers, in the mining industry, and to exclude 
those with high errors of refraction. ~ Hypermetropes over-converge, 
myopes have poor adduction, and both groups have poor stereo- 
scopic vision. In addition, the visual acuity of the hypermetrope 
will fail in the prime of life, while the mre is usually a poor dark 
adapter. 


From our experience, orthoptic ietding is of great value, in 
appropriate cases, in resorting the binocular vision of men afflicted 
with nystagmus, ‘and in expediting their recovery. Macular sup- 
pression can be overcome and adduction improved, and the stimula- 
tion of mental interest is a most valuable part of their rehabilitation. 
The chief difficulty in giving out-patient treatment is the fact that 
miners live in villages remote from orthoptic centres. It is desirable 
that orthoptic training should form part of a residential course of 
rehabilitation. 


A brief study of the dine on illumination in coal-mines makes it 
obvious that the coal-miner suffers from repeated changes of illumina- 
tion, so that at one moment he can see, and at the next he cannot. 
At a distance of 4 feet even the most modern cap-lamp gives an 
average incident light of only 0.6 foot candles, which when reflected 
from the surface of the coal is reduced to something like 0.03 foot- 
candles. The overhead lighting on rail junctions where. haulage 
hands are engaged in the dangerous occupation of coupling heavy 
trucks, gives an incident light which is often as low as 0.01 of a 
foot-candle, and there are long stretches of roadway which are quite 
dark because of absence of lighting, or to the reduction of its radiance 
by a coating of dirt. 

The introduction of the modern cap-lamp, and the experimental 


installation of better types of mains’ lighting and of fluorescent strip 
lighting at the coal-face, should do much to improve the illumination, 
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and it may not be too much to hope that the general level could be 
maintained above 0.1 foot-candle in every part of a coal-mine, which 
would at least enable a man to use his binocular vision. Even that 
would be a low standard in comparison with the minimum require- 
ments in factories (0.5 foot-candle at floor level where people 
employed shall pass, and 6 foot-candles at a level of 3 feet above the 
floor where people are working). 


We wish to record our thanks to the Medical Research Council for a grant towards 
the expense of the orthoptic investigations, and to the National Coal Board for 
financial assistance with the clinical research relating to coal-miners. 


We are greatly indebted to Mr. J. D. F. Williams for his calibrations, to Miss 
Robbins for her secretarial work, and to the Misses Davis, Taylor, and Toone of 
- sera Department of the Coventry and Warwickshire Hospital for preparing 

iagrams, 
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OPHTHALMIC INTERNATIONAL STANDARDS, 1950* 
BY 


J. W. NORDENSON 
Stockholm 


One of the duties incumbent upon an international scientific 
organization is the establishment of a system of standard measures 
and methods for general use within its particular science. 

In ophthalmology, this need was beginning to be felt at the end of 
the 19th century, and at the X Ophthalmological Congress which was 
held at Lucerne in 1904 the Société frangaise d’Ophtalmologie made 
certain proposals, which resulted in the election of a committee for the 
establishment of uniform determination and notation of visual acuity. 
The-members of this commission were Charpentier, Dimmer, Eperon, 
Hess, Jessop, Nuel, and Reymond. Their report, presented to the XI 
Congress at Naples in 1909, recommended the use of standard tables 
with Landolt’s broken rings, numbers with oblique straight lines (1, 
4,7), and numbers with curved lines (0), as optotypes, graduated on 
the decimal system and read at a distance of 5m. A notation sym- 
metrical between the two eyes was recommended for the meridians of 
astigmatism. These proposals were accepted by the Congress, but 
this attempt at standardization was not crowned with success, for 
the methods advised were never put into general practice and have 
now, for the most part, been abandoned. This failure was due to a 
number of different causes: many oculists preferred a reading distance 
of 6 instead of 5 m., some considered the decimal graduation to be 
less scientific and less practical than a geometrical progression, and 
some found the optotypes difficult to handle. 


Neither were the recommendations for the notation of the 
meridians of astigmatism generally accepted; they suited neither the 
existing markings on ophthalmic instruments nor the equipment of 
the optical industry. Since these instruments have only one scale, 
the transcription of spectacle prescriptions became necessary and 
this introduced a great risk of error. 


When the question of re-establishing international relations in 
ophthalmology was considered by delegates from the national 
ophthalmological societies at Schweningen in 1927, it was felt 
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advisable to take up the question of standardization again, and the 
delegates set up a committee to examine international ophthalmo- 
logical problems. On the suggestion of that committee the Inter- 
national Council set up special commissions to study the following 
questions: 


(1) Standardization of visual acuity: Dufour, Elschnig. 

(2) Notation of the meridians of astigmatism: Marquez, Nordenson. 

(3) Examination of light sense: Hertel, Ovio. 

(4) Establishment of visual standards for aviators, seamen, railwaymen, and 
drivers of motor vehicles: Engelking, McMullen, Onfray, Verrey. 

(5) Organization of ophthalmological studies for general practitioners and for 
specialists: Lindner, Parker. 


The reports of these commissions were presented to the XIII 
Congress at Amsterdam in 1929, but were never considered at any 
general meeting. At two special meetings, one to discuss the 
reports on the determination of visual acuity and the notation of 
the meridians of astigmatism, and the other to discuss the reports 
on visual standards for transport drivers, no resolutions were 
adopted, but the minutes were sent back to the committees for 
consideration. 

Five years later the reports, partly revised, were presented to the 
XIV Congress in Madrid in 1933, and the following further reports 
were presented : 


(1) Formulae for the prescription of glasses (by Marx). 

(2) Standardization of tonometry (by a commission elected by the XIII Congress. 
with Priestley Smith as honorary president, and Bailliart, Comberg, Cridland, 
Gradle, and Zeeman as members). 

(3) The practice and teaching of ophthalmology in the Latin-speaking European 
states (by Villard). 


These reports, especially those with definite proposals, were 
discussed at a general session of the XIV Congress but the only 
decision taken was to accept the notation of the visual fields proposed 
by Luther Peter, and even in this case a formal wording of the 
rules was not given. 

All these reports and unconfirmed proposals should have been 
submitted to the XV Congress in Cairo in 1937 for final decisions, 
but owing to opposition in the International Council the matter was 
dropped for the time being. The Council then decided to consider 
the entire matter at the XVI Congress in London; the reports were 
again returned to the committees for revision, were submitted to the 
various national societies with a request for their opinions, and after 
a final review by the Council were presented to the Congress in 1950. 
It was considered advisable to ask the Congress to leave the final 











498 J. W. NORDENSON 


decisions to the Delegation of the National Societies, since this 
body was a more adequate forum for their discussion, and the 
reports were finally approved by the Delegation, subject to certain 
alterations, on July 21, 1950. The regulations finally accepted by 
ee International Federation of Ophthalmological Societies are 
as follows : 





INTERNATIONAL RULES FOR EYE EXAMINATIONS AND VISUAL 
DEMANDS* 


Glass Prescriptions, ‘‘ Scriptint’’ 

(1) The formula shall be divided vertically into two parts: the left half shall be 
reserved for the right eye and marked with the letter D; the right half shall be 
reserved for the left eye and marked with the letter S. 

(2) The text prescribing the interpupillary distance shall contain the letters D.I.P. 

(3) The scheme for the notation of astigmatism shall be printed on the formula. 

(4) In prescribing glasses the numbers of the upper semicircle shall be used. 


Notation of the Meridians of Astigmatism, ‘‘ Axint ’’ 

(1) The notation shall be identical for both eyes. 

(2) The notation shall be made as the physician is looking at the affected eye. 

(3) The notation shall start from the right end of the horizontal meridian (from 
the nasal end in the right eye and the temporal end in the left) and proceed counter- 
clockwise. 


Candidates for Transport Operators 
GENERAL RULES 


(1) The examining physician shall know his own acuity of vision, and his own 
visual fields, and, if testing colour sense, shall have a normal colour sense. 


(2) The visual acuity shall be examined with tables, read at a distance of at least 
5m. Letters shall be used as optotypes. The unit of measure shall be Normal 
Vision, the capacity of reading letters that subtend an angle of 5’, formed of 
lines that subtend an angle of 1’. The tables shall reach up to Normal Vision, 
and be graduated on the decimal system. They shall be in conformity with further 
rules given by the Council. 


(3) The visual field shall be tested generally by the manual method. In doubtful 
cases, on special prescription, and in case the examiner himself has not normal fields, 
it shall be tested at the perimeter with an object of an angular magnitude of 3°. The 
visual field shall be considered normal or admissible from the point of view of traffic 
if it has the following limits : 


(a) on the right eye: 
Normal: 0°; C50°. 45°; C60°. 90°; C50°. 135°; C60°. 180°; C90°. 225°; 
C90°. 270°; C70°. 315°; C50°. 
Admissible: 0°; C30°. 45°; C30°. 90°; C20°. 135°; C30°. 180°; C70°. 225°; 
C70°. 270°; C40°. 315°; C30°. 
(b) on the left eye the demands shall be symmetrical to those on the right. 





* These rules repeal the decisions of the Eleventh International Congress, Naples, 1909. 
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(4) The colour sense shall be considered normal if pseudo-isochromatic tables 
prescribed by the Council are read. For anomaloscopic examinations rules 
recommended by the Council shall be applied. 


SPECIAL RULES 


(1) Drivers of Motor Vehicles : ‘“* Motorint”’ 
Public Services.—Visual acuity 1.0; 0.7. Glasses not admitted until the age of 
40 years. After 40 years correction glasses up to 4 D ametropia admitted. Visual 
fields and chromatic sense normal. Periodical examination every three years. 


Taxis.—Same conditions as for public services, but glasses allowed from the 
beginning: not more than 6 D ametropia. Visual fields and chromatic sense normal. 
Periodical examination every five years. 


Private Cars.—Binocular visual acuity after correction 0.6; in worse eye 0.1. 
Admissible visual fields. One-eyed persons admitted if the acuity amounts to 0.8 and 
the visual field at the perimeter is normal. Time of habituation one year. Persons 
with visual acuity below 0.1 or with inadmissible visual field shall be regarded as 
one-eyed. Periodical examination desirable. 


(2) Railwaymen : “‘ Ferrint” 
Traction.—Visual acuity 1.0; 0.7 without glasses. Periodical examination of 
engine-drivers every year; for others every three years. Visual acuity after nine years 
0.5; 0.5 without glasses; corrected 0.7; 0.7. Visual fields and chromatic sense normal. 


Guards.—Visual acuity with glasses, 0.7; 0.5. Periodical examination every three 
years. After three years visual acuity with or without correction 0.5; 0.3. Visual 
fields and chromatic sense normal. 


(3) Seamen: ‘* Nautint’’?.—Persons responsible for the navigation of vessels or 
serving as look-outs, visual acuity at entry into service 0.7; 0.3. Glasses not admitted. 
Periodical examination every three years. Visual acuity after three years 0.7; 0.3; 
after nine years 0.5; 0.3. Visual fields admissible, chromatic sense normal. Persons 
with hypermetropia more than 3 D should be warned. 


COMMENT 


The following comments on certain points in these regulations 
may be useful: 


(1) For the prescription of glasses: “‘Scriptint”. Of the detailed regula- 
tions proposed by Marx in his report (XIV Congress, Madrid, 1933, 
vol. III, 5, p. 33) only those were retained which facilitate the execution 
of prescriptions in foreign countries. For the measurement of the 
distance between the optical centres of the lenses the old, somewhat 
inadequate, but more familiar denomination “interpupillary distance” 
was retained. 


(# For the notation of the meridians of astigmatism: “Axint”. This 
was substituted for the symmetrical notation proposed at Naples in 1909. 
The new notation coincides with that laid down at Madrid in 1933 for 
the visual field, and with the notation generally used by opticians, and 
also takes into account the fact that many oculists already have these 
markings on the lower semicircle of their trial frames. 
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(3) The standardization of the visual requirements for transport 
operators has become more necessary because of the diminishing import- 
ance of national boundaries in this sphere of activity. Nowadays, this 
applies equally to seamen, air-crews, drivers of motor vehicles, and 
railwaymen. Because a lead from the ophthalmologists was delayed, 
the civil authorities have, in at least one case, taken the initiative in 
establishing international regulations for civil aviation. 


In setting up visual standards for transport drivers, it must be 
remembered that since the examinations are often carried out by general 
medical practitioners, simplicity is a first essential. Thus, letter opto- 
types are recommended instead of broken rings, pseudo-isochromatic 
plates instead of anomaloscopes, and examination of the visual field by 
confrontation instead of by perimetry. 


For the examination of visual acuity, it was considered impossible to 
enforce the international tables, and letters were adopted as optotypes. 
A distance of at least 5 m. was prescribed, allowing the examiner latitude 
to use a greater distance if he so desires. The commission did not take 
up any definite position with regard to hypermetropia in its final report. 
The acceptance of hypermetropes in a profession or occupation depends 
upon the practicability of their wearing glasses; in modern vehicles, 
drivers are fairly adequately protected so that, in most cases, spectacles 
may be worn, and therefore this problem is less important. The out- 
standing difficulty for hypermetropes will now be the possible eventual 
reduction of the candidate’s unaided visual acuity below the prescribed 
level. 


The decimal graduation of the international tables of visuai acuity was 
retained in spite of considerable opposition from those favouring a 
geometrical progression. A committee was, however, appointed to 
investigate the possibilities of devising a method of transition between 
the two systems and to work out any further standards necessary for its 
achievement. All these regulations were much influenced by the require- 
ments of expediency and practicability, and it must be admitted that the 
international standardization of the determination of visual acuity for 
scientific purposes has not yet been achieved. 


(4) For the notation of the visual field: ‘“‘Campint”’. These rules were 
accepted in principle in Madrid in 1933, and their wording was decided 
by the Council in 1950. They are, as far as possible, analogous with 
the rules for the meridians of astigmatism. If the visual field measured 
is a colour field, the letters Cv for green, Cr for red, Cfl for yellow, and 
Cc for blue, are substituted for C. 


The questions of standardizing the examination of the light sense, 
and of binocular and stereoscopic vision, were delegated to 
special commissions. The Delegation largely accepted the proposals 
of the commission regarding the “‘ Motorint”’ standards; it agreed 
to the acceptance of binocular visual acuity and rejected a demand 
for the adoption of total acuity as a standard. The principle of the 
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periodical examination of private motor drivers was accepted as 
desirable. The commission’s recommendations with regard to 
railwaymen were accepted. The regulations for seamen were 
restricted to those directly responsible for navigation. 


In the final decision, air-crews were omitted, since the International 
Civil Aerial Organization (I.C.A.O.) had already taken up the 
matter and issued recommendations. Although the standards 
aimed at by I.C.A.O. differ somewhat from those proposed by the 
commission of the Federation of Ophthalmology, it was considered 
that the delay which any intervention might cause was not 
justified. 

It is to be hoped that colleagues all over the world will accept the 
standards thus agreed upon, and use their influence to encourage the 
acceptance by the authorities of the requirements advised by the 
Federation for persons engaged in various forms of transport, so 
that this new attempt to bring about international agreement on the 
subject of visual standards may prove more successful than its 
predecessors. 
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CASE NOTES 






OPHTHALMOPLEGIA FOLLOWING A SCORPION 
BITE* 


J. W. R. SARKIES 
Gold Coast Hospital, Accra 
































THE neurotoxic element of cobra venom is well known, and 
Duke-Elder (1949) describes snake venom as a cause of ophthalmo- 
plegia. There is a close relationship between the venom of scorpions 
and that of cobras and as a search of the available literature has 
revealed no case of ophthalmoplegia following a scorpion bite, 
that described appears to be of interest. | 


CAsE REPORT 


D. S., an African woman aged 34, gave a history that 3 months before coming to 
hospital, she had picked up her cloak from the ground, and as she draped it over her 
head had been bitten on the right eyebrow by a small grey scorpion. There was acute 
pain at the site of the bite for some hours after this and gross swelling around the eye 
which lasted for about a month; since the time of the bite she had been unable to 
open the eye. 

Examination.—The right eye showed a complete ptosis, the eye was fully abducted 
and partially infraducted; on looking strongly downwards there was a slight increase 
of infraduction otherwise there was no movement in the eye. The pupil was widely 
dilated and did not react to light or accommodation. Distant vision was 6/6 Snellen 
but she was unable to read J 12 with the right eye. The fundus was normal. The 
left eye was normal in every respect. 

Physical examination of the nervous and other systems showed no abnormalities 
apart from the complete oculomotor palsy. The blood pressure was 128/78 and there 
was no evidence of a nutritional deficiency. 

The blood picture showed no striking features and the Kahn reaction was negative. 
The urine was normal. Analysis of the cerebrospinal fluid was within normal 
limits, An x ray of the skull showed no calcification of the cerebral vessels and the 


paranasal sinuses were clear. 


Therapy.—The patient was kept under observation for a month during which time 
she had large doses of vitamin B; at the end of this time there was no change in her 
condition, 

Operation.—Surgical treatment was undertaken in two stages. 


(1) The right external rectus was recessed as far as the equator of the globe and a 
single strip of fascia lata grafted subcutaneously in the upper lid (Fig. 1). This graft, 
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Fic. 1.—Diagram showing position of subcutaneous fascial graft. 


joining the inferior margin of the tarsal plate at the junction of the inner and middle 
thirds to the frontalis muscle, was inserted through two 5-mm. incisions in the skin, 
by a modification of the technique employed by Stallard (1950). After this operation 
there was a marked diplopia. 

(2) Three weeks later, a slip of the superior oblique muscle was detached from its 
insertion and resutured to the sclera just above the insertion of the internal rectus; 
at the same time a 4-mm. resection of the internal rectus was done. 

Result.—The cosmetic result a month later may be seen in Fig. 2. It was intended 
that at a third stage, slips of the external rectus should be used to replace the paralysed 





Fic, 2,—Patient after discharge from hospital. 


superior and inferior recti but the patient was satisfied with the cosmetic and functional 
results and did not wish to undergo any further operation. 

There is now no diplopia except on extreme movements of the eyes; 15° adduction 
of the right eye is possible and any functional disability is overcome by moving the 
head. The accommodation is still paralysed, but this causes no symptoms as the image 
in the right eye is suppressed. 


COMMENT 


Calmette (1908) showed the close similarity between cobra and 


scorpion venoms: he found that mice and guinea-pigs could be 
protected from the effects of Scorpio occitanus by inoculation with 
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the serum of a horse which had been immunized against cobra 
venom. The irritant properties of snake venom, when introduced 
into the conjunctival sac, were described by Ridley (1944) when he 
reported a case of snake-venom ophthalmia in an African who had 
been attacked by a spitting cobra (Naja nigricollis). The neurotoxic 
principle in the venom of scorpions was demonstrated clinically by 
Waterman (1938) in a series of cases reported from the West Indies. 

The case reported here was evidently one of peripheral neuritis 
of the third cranial nerve due to scorpion venom. The mechanism 
by which the lesion was produced is largely conjectural; it is possible 
that a high concentration of the toxin, in the area of venous drainage 
of the cavernous sinus, resulted in a direct spread from that vessel 
to the oculomotor nerve in the middle cranial fossa. If this is so, 
it is not evident why the third nerve only should have been affected; 
it is possible that the location of the bite was purely coincidental. 


SUMMARY 


A case of complete oculomotor palsy following a scorpion bite 
is reported and the results of surgical treatment described. Evidence 
of the presence of a neurotoxic element in scorpion venom is quoted 
from the literature. 


I am indebted to Dr. R. L. Cheverton, D.M.S. Gold Coast, for permission to publish 
this report. 
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APPLIANCES 


A SMALL GONIOSCOPY LENS* 


BY 
A. LISTER 
London 


THE lens illustrated in the accompanying Figure has been designed 
for inspecting the filtration angle on the operating table and for 
carrying out goniotomy under direct view. For inspection purposes 
it can be used in conjunction with a corneal microscope dismantled 
from a slit lamp and held in the right hand. For operating, tele- 
scopic spectacles giving a magnification of x2 have been found to 
be most convenient. Illumination is provided by a hand operating 
lamp, held by an assistant standing beside the surgeon, and focusing 
as well as directing the light onto the lens. 














(a) () 


Ficgure—Gonioscopy lens: (a) sectional diagram, (5) side view. 


The advantage claimed for this lens is the ease of manipulation 
which is due to its small size. It can be used with or without a 
speculum and without canthotomy. After it has been placed on the 
cornea, saline is injected underneath it with a lacrimal syringe, the 
current of fluid washing out any bubbles. If air gets in during 


* Received for publication March 21, 1951. 
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subsequent manoeuvres it is easily displaced with the syringe, without 
removing the lens from the eye. When used for inspection, the lens 
can rest unsupported on the cornea. For operating, it is steadied 
with the left index finger. 

The lens, which is of glass, has been made by Theodore Hamblin Ltd. of Wigmore 
Street, London, W.1. This firm is also making an experimental illuminating binocular 
which may be a useful accessory. 


NOTES 
INTERNATIONAL COUNCIL OF OPHTHALMOLOGY 


AT a meeting of the International Council of Ophthalmology in Paris on 
May 5, 1951, the following appointments were confirmed : 


President: - Sir Stewart Duke-Elder 

Vice-President: Conrad Berens 

Secretary: - Edward Hartmann (2 Avenue Ingres, Paris, XVIe) 
Treasurer: - Marc Amsler 


At this meeting it was decided that the XVII International Congress 
would be held in New York in the autumn of 1954 under the presidency 
of Bernard Samuels. Further details will be published in due course. 


CANTON OPHTHALMOLOGICAL SOCIETY 


Tue Canton Ophthalmological Society came into being on February 15, 
1948, but unfortunately lapsed during that year. We are now happy‘to 
state that it was resuscitated on May 13, 1951. The newly elected officers 
are as follows: 


Chairman: -  - Dr. Eugene Chan, Professor of Ophthalmology, Lingnan 
University, and Chief of the Eye Service, Canton 
Hospital. 

Vice-Chairman: - Dr. Yih Shen, Professor of Ophthalmology, Chung Shan 


University, and Chief of the Eye Service, Chung 
Shan University Hospital. 
Secretary-Treasurer: Dr. E. Chang, Chief of the Eye Service, Central Hospital. 


PAN-AMERICAN CONGRESS, 1952 


THE Fourth Pan-American Congress of Ophthalmology will be held in 
Mexico D.F., Mexico, from January 6 to 12, 1952. Further information 
may be had from the Secretary-General of the Organizing Committee, 
la, Gomez Farias 16, Mexico 4, D.F. 
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CORRIGENDA 


WILLIAM CHESELDEN (1688-1752) 


IT has just come to our notice that in Kirby’s “Surgery of Cataract” 
(J. B. Lippincott Co., Philadelphia, 1950), p. 22, one of the greatest 
pioneers of English surgery is described as a “well-known charlatan”. 
Cheselden was certainly well-known, not only to the staff of St. Thomas’s 
Hospital, but throughout the world, and today his portrait occupies an 
honoured place among the great in the Royal College of Surgeons in 
England. Not only was he the first to practise the operation of iridotomy 
but his contributions to general surgery were immense and classical. 


CORNEAL NERVE FIBRES 


Drs ZANDER and WEDDELL regret that their paper “‘ The Reaction of 
Corneal Nerve Fibres to Injury” (Brit. J. Ophthal., 35, 61) appears to 
suggest that Dr. F. C. Rodger had stated in his paper “ The Pattern of 
the Corneal Innervation in Rabbits” (Brit. J. Ophthal., 34, 112) that the 
cornea contained sympathetic nerve fibres. Dr. Rodger described two 
anatomically distinct types of fibre in the rabbit cornea, and remarked 
on the interesting similarity of one of them to nerve fibres seen in the 
vicinity of blood vessels in the skin and iris, but he did not conclude that 
these fibres were sympathetic in origin. 


BOOK REVIEW 


Genetics in Ophthalmology. By ARNOLD Sorssy. 1951. Butterworth, London. 
Pp. 251, 233 figs (10 col.) (42s.). 


In the preface the author places ophthalmological genetics in perspective by 
ndicating that infective diseases have been replaced by cataract, glaucoma, myopia, 
senile macular degeneration, and a group of congenital, hereditary, and developmental 
defects as the main causes of blindness. None of these is explicable in terms of 
bacteriology and all may have a genetic basis. It has become apparent that, in 
medicine, the constitutional factor, as opposed to the extraneous factor, of disease has 
come to be the starting point for further advance. 

The first section of the book proceeds from a description of the behaviour of the 
nucleus during division of the germ cell to build up, step by step, the theoretical know- 
ledge which we have inherited from past workers on the modes of inheritance, the gene 
and chromosome types of inheritance (illustrated by human pedigrees), and clinical 
varieties of genetic disease. This section closes with a discussion on the prospects of 
the control of genetic disease, drawing from experiences with diabetes, Rh factor, 
acholuric jaundice, etc., a modest optimism. Experimental medical genetics is briefly 
touched upon, and sound advice is given regarding the responsibility of the physician 
in guiding patients about the possible transmission of their inherited defects. 
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The second section describes isolated ocular anomalies; the globe as a whole, the 
cornea, lens, uveal tract, retina, optic nerve, and other tissues are taken in turn, 
and each is illustrated with pedigrees. A final section discusses generalized disorders 
with ocular aspects, under the headings of metabolic diseases, systemic disorders, and 
miscellaneous syndromes. A-selected bibliography and index complete the volume. 

This work is so written that no special knowledge of heredity is required to under- 
stand it. The fundamentals of the subject are discussed and illustrated before 
individual and problematical pedigrees are examined. On every page the enormous 
advances made in recent years and the widening field which the study of genetics 
embraces are evident, and are contrasted with the equally enormous defects in our 
detailed knowledge. The book is comprehensive, up-to-date, and well in line with the 
tradition of British ophthalmological genetics laid by Edward Nettleship and .C. H. 
Usher. It is hopeful in its outlook for future research and the control of hereditary 
disease, and is informed by the deep sense of social responsibility which we have 
learned to expect from its author. 


OBITUARY 


E. H. HARRIES-JONES 


If Evan Harries Harries-Jones had lived for one more day, he would have completed 
half-a-century’s service as ophthalmic surgeon to the Northampton General Hospital; 
and a few more weeks of health would have enabled him to attend the 36th Oxford 
Ophthalmological Congress, at which he was greatly missed by his friends. Readers 
of this journal all over the world will remember him with affectionate gratitude, and 
their sympathy is extended to his widow and to his daughter, Mrs. S. H. G. Humfrey. 

H.-J. stood out as a tower of strength amidst changes which have constituted a 
revolution in the social system as well as in the conduct of medical practice. . Born 
at Rhyl in 1874, he entered medicine as an apprentice to Dr. Hughes of Ruthin at 
the age of 16, and later studied at Edinburgh and Dublin. He graduated M.B., C.M. 
in 1897, and was awarded the M.D. of Edinburgh University in 1900. A series of 
resident posts at the Birmingham Eye Hospital allowed H.-J. scope to develop the 
clinical judgment for which he became renowned beyond the confines of his county, 
and the Singlehurst Block, presented to the Northampton General Hosp tal in 1924 
by a grateful patient, stands as an enduring reminder of his work. 

Throughout his long professional life H.-J. found time for other activities, including 
the study of history. He was highly honoured by his fellow-ophthalmologists who 
chose him to be President of the Midland Ophthalmological Society, President of the 
South Midlands Branch of the B.M.A., and a Vice-President of the Ophthalmological 
Society of the United Kingdom. He was also a founder-member and counsellor of 
the Oxford Ophthalmological Congress, but these and the other distinctions which 
fell to his lot were transcended by H.-J’s own splendid personality. In his company 
barriers of age and rank were swept aside, and his laugh resounded with human 
generosity. All his colleagues will treasure the memory of their association with 
Harries-Jones. 
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VON HELMHOLTZ 
CENTENARY OF THE OPHTHALMOSCOPE 


It was on December 6, 1850, when von Helmholtz was 30 years of age 
and Professor of General Pathology and Physiology at the University 
of K6nigsberg, that he communicated to the Physical Society in 
Berlin his observations on “‘ an optical apparatus which enables the 
living retina to be seen”. But the full description of the instrument 
and the theory on which it was based was published in the autumn of 
1851 (the year of the Great Exhibition in London), under the title 
“Description of an Ophthalmoscope for the Investigation of the 
Retina in the Living Eye”, and thus it is that the year 1951 is 
celebrated as the centenary of this admirable discovery. 

It is amusing to read of the scepticism of some of von Helmholtz’s 
colleagues, but on the whole the instrument was well received, and he 
writes that by December 16, 1851, there were already eighteen orders 
for this new ophthalmoscope. Forty years later he told the story of 
its discovery. While preparing lectures on physiological optics he 
had to explain the theory of the emission of reflected light from the 
eye as discovered by Briicke, and desired a method by which he could 
make the subject clear to his students. For this purpose he devised 
the apparatus which became the ophthalmoscope. 

Hermann Ludwig Ferdinand von.Helmholtz was born on August 
31, 1821, at Potsdam, where his father Ferdinand was a professor in 
the local High School. His mother, Caroline Penn, was an English- 
woman. (It is interesting in this connection to note that the mother 
of Immanuel Kant was a Scotswoman.) As a schoolboy Helmholtz 
developed a love for science and studied the books on physics in his 
father’s library. While still at school he traced out for himself the 
paths of the rays in a telescope. Owing to this bent towards science 
his father advised young Helmholtz to take up medicine. He entered 
the Army Medical School and came under the influence of a profound 
teacher, Johannes Miiller. He eventually became a military surgeon, 
until in 1848 he was appointed assistant in the anatomical museum 
of Berlin and teacher of Anatomy at the Academy of Arts. 

On July 23, 1847, while he was still a military surgeon, his essay 
“* On the Conservation of Energy ”, was read to the Physical Society 
of Berlin, with results in the field of physics which at that time were 
startling. This paper altered the direction of physical research, 
all phenomena being henceforth referred to the laws which govern the 
transformation of energy. The essay had been previously submitted 
to E. H. Dubois-Reymond whe urged its submission to the Physical 
Society and its subsequent publication. Since the editors of 
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Poggendorff's Aunalen der Physik refused it as being too theoretical 


and Loo mathematical, it was issued as a separate publication. 
In 1849 von Helmholtz went to KOnigsberg to take the chair of 
General Pathology and Physiology, and it was during this period that 


the ophthalmoscope was invented. His subsequent academic career 
may be briefly summarized. 


1856 Professor at Bonn: 
1859 Professor of Anatomy and Physiology at Heidelberg; 


1871 Professor of Natural Philosophy at Berlin. 


His two greatest works are “ Physiologica) Optics” and “ Sensations 
of Tone ”, both splendid examples of the application of methods 
of analysis to the two kinds of sensation which furnish the 
largest proportion of the raw material for thought. The first 
volume of “ Physiological Optics” appeared in 1856, and it was 
in the course of the studies for this work that von Helmholtz made a 
whole series of investigations and developed various theories on the 
subject of vision. An enumeration of some of these will show how 
widely his thoughts ranged: 


1. The theory of accommodation 

2, Composition of spectral colours 

3. The sensitivity of the human retina to certain forms of light 

4. After-images 

5. Colour-blindness and the theory of cofour vision 

6. Contrast phenomena 

7. Movements of the human eye, both-singly and in connection with binocular vision 


8. The relation of optics to painting, etc., etc. 


In 1855 von Helmholtz first met William Thomson (Lord Kelvin), 


of whom he became a great admirer. He also became a friend of 
Faraday, Tyndall, Donders, Bunsen, and other scientists, and 
maintained a vivid correspondence with many of them. In 1868 he 
published that astonishing essay “On the Facts that underlie 
Geometry”, and in 1870 an essay “‘ On the Origin and Significance 
of Geometrical Axioms”. These papers, together with Riemann’s 
work “On the Hypotheses that underlie Geometry ”, were crucial 
for the development of the mathematico-philosophical conceptions 
of the second half of the nineteenth century, and brought von 
Helmholtz into conflict with Kant’s hypothesis of the “ Intuitive 
Knowledge of Geometrical Constants ”’. 

Von Helmholtz gave his illustrious pupil Hertz the inspiration to 
find experimental proof of Maxwell's “ electric waves ” and provided 
him in the Institute of Physics of the University of Berlin with the 
apparatus and appliances by means of which these investigations 
could be carried out. 

He died on September 8, 1894. H. LEVY. 
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COMMUNICATIONS 


DIAGNOSIS AND MANAGEMENT OF PARALYSIS 
OF THE EXTRINSIC OCULAR MUSCLES * 


WITH SPECIAL REFERENCE TO SURGICAL TREATMENT 
LIN 219 CASES. 


BY ; 
T. KEITH LYLE ann ALEX. G. CROSS 
London 


ALTHOUGH valuable contributions to the diagnosis and treatment of 
cases of ocular palsy, especially those of congenital origin, have been 
made by Duane (1916) and Posey (1916), and special methods of 
investigation of ocular paralysis have been described by Maddox 
(1907) and Landolt and Landolt (1913), it was not until much later 
that a comprehensive presentation of the subject was made by 
Bielschowsky (1935, 1938, 1940), but even then advice as to surgical 
treatment was scanty. 

The pioneer work of Chavasse (1939) has led, during the past 
10 years, to a more complete understanding of paralytic squint; and 
standard principles of diagnosis and treatment have been accepted 
throughout the world. Chavasse was the first British writer to stress 
the importance of detailed diagnostic investigation in all cases of 


ocular deviation. 
Treatises on the subject have been recently written by Krimsky 


(1948), Soriano and Garcia Nocito (1948), Fecosi (1948), and Lyle 
(1950). Detailed descriptions of the management of vertical muscle 
imbalance have been published by Epstein (1947), Anderson (1947), 
Burian (1950a, b), Dunnington (1948), Adler (1948), and McGillivray 
(1948). The treatment of diplopia due to ocular muscle palsy has 
been studied by Lyle (1941, 1948, 1949) and Neely (1947), and 
Anderson (1947) emphasizes the importance of detailed examination 
of the diplopia. Congenital oculomotor palsy affects the superior 
rectus more frequently than any other muscle, because of the relatively 
late embryonic cleavage of this muscle (Cross, 1944; Epstein, 1947). 
Traumatic cases also show that the superior rectus muscle is most 
usually affected (Cross, 1945). Zavalia (1948) has indicated that 
congenital paresis of the inferior oblique muscle is more commonly 
recognized at the present time than heretofore. 

The surgical treatment of ocular palsy has been described by 
Anderson (1947), Payne (1948), and Dunnington (1948), and the 
technique of operations upon the oblique muscles has aroused 


* Received for publication April 23, 1951. 
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particular interest. Loutfallah (1949) reported that graduated 


myotomy of the inferior oblique at its insertion gives 10° of correction, 
and that partial myectomy gives 6° of correction. Satisfactory results 
of surgical treatment upon the oblique muscles have been described 
by Meesmann (1948), Franceschetti and Blum (1950), and Lloyd 
(1949). Recession of the inferior oblique at its insertion, in preference 
to partial myectomy of the muscle, is advised by Dunnington (1948), 
Lloyd (1949), and Payne (1948). Resection of the inferior rectus at 
its insertion and tucking of the superior oblique in. paresis of these 
muscles is recommended by McGuire (1948) and McLean (1948). 

Paralysis or paresis of one or more of the extrinsic ocular muscles 
can occur as a result of many different pathological lesions. 
Successful treatment demands investigation of the cause, accurate 
measurement of the amount of deviation of the visual axes, and 
careful assessment of the state of the binocular vision. Total 
paralysis of one or more of the extrinsic ocular muscles presents a 
complicated therapeutic problem, but even in such cases, much can 
be accomplished by means of operations designed: 

(a) to limit the action of the synergic muscle or muscles of the unaffected 
eye; 

(b) to overcome the contracture of the direct antagonists of the affected 
muscles; 

(c) to increase the action of the affected muscle or muscles, sometimes 
by means of muscle-grafting operations; 

(d) to increase the action of the contralateral antagonists, 

The more common finding in which the paralysis is incomplete, 
makes the prognosis much better and the treatment simpler, and in 
such cases it is possible, almost without exception, to restore a large 
field of binocular single vision as a result of adequate treatment. 


Suppression of the vision of the deviating eye should only be 
allowed to occur in exceptional cases, and the use of occlusion of one 
eye, except as a temporary measure, is an admission of failure. 


Many cases suitable for surgical treatment are of traumatic origin. 
The recent war provided much clinical material, and the routine 
ophthalmic examination of air crew candidates for the R.A.F. 
revealed a large number of hitherto undetected cases of ocular 
muscle imbalance due to congenital palsy of one or more of the 
extrinsic ocular muscles. Many of these cases, in which symptoms 
were already occurring, were amenable to surgical treatment. In 
compensated cases, where the deviation exceeded the limits allowed 
for air crew duties, operations enabled the men to reach the necessary 
medical standard. Other cases of ocular muscle palsy which respond 
well to surgical treatment are those due to exophthalmic ophthalmo- 
plegia, to neuritis of the oculomotor nerves, and certain others of 
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obscure pathology—provided that in each case the organic disease 
that caused the condition is no longer active. 


MATERIAL 

This paper is based on the study of 219 cases of palsy of one or 
more of the extrinsic ocular muscles which have been treated by 
operation and in which a satisfactory “ binocular” result has been 
obtained. It is concerned with the clinical diagnosis of the affected 
muscle or muscles, with the aetiological cause of the palsy, and with 
the measurement of the degree of deviation in the primary position 
and in the different cardinal directions of gaze. It is also concerned 
with the state of the binocular functions, the estimation of the com- 
pensation of the deviation, and the treatment of the condition. With 
the exception of those cases due to active organic disease and those 
in which the lesion is gross, such as complete palsy of the 3rd 
cerebral nerve or severe orbital damage, the symptoms can largely 
be overcome by surgical treatment. The ages of the 219 patients 
ranged from 10 to 61 years. The aetiology of the 219 cases under 
review and the muscle or groups of muscles affected are tabulated 


below: 
























































Palsy of Extrinsic Ocular Muscles Number | oniciines 
para : om | ao 
| Congenital jad a El gk OS ee ea all | 47°5 
| ., | Cerebral nerve lesion 163 .6128°5 
| | Traumatic | Orbital injury | 40249 | 46°59 18-0 
Aetiology | Acquired | 
| Due to known organic disease 8 3°5 
| Due to disease of indeterminate 
pathology 5 2:5 
Total... oe 219 100 
| Superior rectus ... we eee a. ee 68 31 
| Inferior rectus... sa ae Ae Be 10 4°5 
| Medial rectus... ms ae me as 6 | 2°5 
Muscle or | Lateral rectus... oh) ji ep ei 27 | 12 
Groups of 
Muscles Superior oblique ... ies és si as 85 | 39-5 
Affected 
| Inferior oblique ... ae wae ee aie 13 | 6 
| Muscles supplied by 3rd cerebral nerve Se 3 1-5 
Muscles supplied by 3rd and 4th cerebral nerves 1 0-5 
Mixed (two muscles)... oe, wes ah 6 2°5 











Total ée | 219 | 100 
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AETIOLOGY OF PARALYTIC STRABISMUS 


(A) TRUE Extrinsic OCULAR PALsy due to a lesion of the nerve 
supplying the muscle, or of the muscle itself. 


(1) Lesions of Cerebral Nerve Supplying the Muscle 
(a). Conditions affecting the Motor Nerve Nuclei in the Mid-brain*. 


(i) Congenital abnormalities, e.g. absence of the nerve nucleus (the condition 
sometimes affects the 6th nerve nucleus). 
(ii) Inflammation, e.g. encephalitis, neuro-syphilis, disseminated sclerosis. 
(iii) Toxic causes, e.g. alcohol, carbon monoxide. 
(iv) Degeneration, e.g. chronic nuclear ophthalmoplegia. 
(v) Neoplasms. ig 


(b) Conditions affecting the Nerve Roots below the Nuclei, and the Nerve 
Trunks (fascicular).—The commoner causes are: 


(i) Inflammation, e.g. encephalitis, neuro-syphilis, disseminated sclerosis. 
(ii) Vascular causes, e.g. thrombosis, haemorrhage, embolism, aneurysm. 
(iii) Neoplasms. 


(c) Conditions affecting the Motor Nerve Trunks supplying the Muscle. 


(i) Trauma (especially involving 4th and 6th nerves, and sometimes 3rd), e.g. direct 
injury causing complete or partial transection of the nerve; a haematoma 
pressing upon the nerve or interfering with its blood supply; a stretching of the 
nerve due to cerebral oedema or intracranial haemorrhage. 

(ii) Inflammation, e.g... peripheral neuritis due to diabetes, herpes zoster, 
‘ rheumatism’, meningitis (including localized meningitis due to extension 
from petrousitis which may cause 6th-nerve palsy). 

(iii) Toxic causes, e.g. lead, alcohol. 

(iv) Vascular causes, e.g. pressure upon a nerve by a thickened artery, or by a 
basal aneurysm. 


(2) Lesions of the Muscle Itself 


(a) Congenital Absence or Abnormal Insertion of a Muscle. 
(b) Direct Trauma, causing one of the following: 


(i) Haemorrhage into the substance of the muscle or into its sheath and causing 
subsequent fitrosis. 

(ii) Damage to a muscle, sometimes with subsequent fibrosis, e.g. as a complication 
of an operation on the eyeball or its adnexae. 

(iii) Damage to the attachments of a muscle, e.g. damage to the origin of the 
inferior oblique (as may occur in orbital injury). or damage to the pulley of the 
superior oblique (as may occur in operation upon the ethmoid or frontal 
sinuses or due to head injury). 


(c) Myopathy or Myositis, e.g. myasthenia gravis, exophthalmic 
ophthalmoplegia, thyrotoxic myopathy, chronic ocular myopathy. 





* Lesions affecting the nerve nucleus usually affect several muscles, on account of the proximity of the 
3rd and 4th nuclei aid tle interccmmunication of the nuclei by transverse and longitudinal fibres. 
’ 
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(B) ‘ RELATIVE’ OcuLarR PALsy due to a lesion of the bony orbit as 
a result of which there is a deviation of the visual axis.* This 
may be caused by: 


(a) injury causing damage to the supports of the eyeball; 

(6) injury causing loss of orbital fat such as may be produced by a 
fracture of the floor of the orbit. This may cause enophthalmos and 
a convergent deviation; 

(c) a space-occupying lesion of the orbit, or adjacent to it, e.g. 
haemorrhage, inflammation, neoplasm, thyrotoxicosis. Such a lesion 
may cause direct exophthalmos, which may give rise to a divergent 
deviation or, depending upon its site, to a displacement of the 
eyeball upwards, downwards, inwards, or outwards. 


ANATOMY 


The general anatomy of the extra-ocular muscles has been fully 
described, and their mode of action is well understood (Figs 1 and 2, 
and Table A). In the surgical treatment of these muscles, however, 
it is important to emphasize the fact that the superior and inferior 


TABLE A 
ACTIONS OF THE EXTRINSIC OCULAR MUSCLES 














MUSCLE MAIN ACTION SUBSIDIARY ACTION 
MEDIAL ADDUCTION 
RECTUS 
LATERAL ABDUCTION 
RECTUS 
SUPERIOR | ELEVATION —+ ADDUCTION 
RECTUS MAXIMAL INTORSION | MAXIMAL 
IN iN 
ABDUCTION ADDUCTION 
INFERIOR DEPRESSION) ——__L_{ AODUCTION 
RECTUS EXTORSION | 
SUPERIOR | DEPRESSION a | Reet 
OBLIQUE MAXIMAL INTORSION q MAXIMAL 
iN in 
ADDUCTION ABDUCTION 
INFERIOR ELEVATION ate: us nahh 
OBLIQUE EXTORSION | 











* Severe orbital injury may occur, even to the extent of grossly displacing the eyeball as a whole, without 
causing deviation of the visual axis, and gross deviation of the visual axis may occur without displacement 
of the eyeball as a whole. 
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Fic. 1.—Position of extrinsic‘ocular muscles. 
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Fic. 2.—Diagrams to show how on latero-version the vertical recti of one 
eye and the obliques of the other eye approach parallelism and act 
synergically. 
rectus muscles exert their maximal vertical action in abduction, while 
the oblique muscles exert their maximal vertical action in full 
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_adduction. The medial and lateral recti, which exert only a primary 
action on the globe, exert this with the eye looking straight ahead, or 
when it is elevated or depressed. The two eyes work together and 
the muscles of the two eyes act synergically to move them in the 
same direction. Thus the superior rectus of one eye and the inferior 
oblique of the other, and the inferior rectus of one eye and the superior 
oblique of the other are synergic muscles, as are the lateral rectus 
of the one eye and the medial rectus of the other. 


PATHOLOGICAL SEQUELAE OF AN EXTRINSIC OCULAR MUSCLE PALSY 


In all cases of extrinsic ocular muscle palsy, certain sequelae take 
place to a greater or lesser extent: to a greater extent if the cause of 
the palsy be a nerve lesion, to a lesser extent if the cause of the palsy 
be a local orbital injury or a disease primarily affecting -” function 
of the muscle directly or indirectly. 


These sequelae are: 
(1) Overaction of the contralateral synergist. 
(2) Contracture of the direct antagonist. 
(3) Secondary palsy of the contralateral antagonist. 


Thus, in a case of a right lateral rectus palsy, the sequelae are 
overaction of the left medial rectus, contracture of the right medial 
rectus, and secondary palsy of the left lateral rectus (Fig. 3, overleaf). 


Similarly, in the case of a left superior oblique palsy, the sequelae 
are overaction of the right inferior rectus, contracture of the left 
inferior oblique, and secondary palsy of the right superior rectus 
(Fig. 4, overleaf). 


These sequelae tend to progress in degree and to become more 
established the longer the palsy exists, so that eventually the paralytic 
features of the case tend to disappear and to be replaced by more or 
less concomitant characters. In some cases, the contracture of the 
direct antagonist of the affected muscle becomes progressively 
greater and causes the angle of deviation of the squint to become 
markedly increased. 


Although paresis of one of the horizontally acting muscles may 
eventually give rise to a clinical condition almost indistinguishable 
superficially from a concomitant strabismus (convergent or divergent 
as the case may be), paresis of one of the. vertically acting muscles 
usually gives rise to a vertical strabismus which is concomitant only 
when the eyes are in latero-version (laevo- or dextro- according to 
the muscle affected). Pure concomitant vertical strabismus is rare; 
it is invariably due to paresis of at least two vertically acting muscles— 
one whose maximal vertical action is in dextro-version, and one 
whose maximal vertical action is in laevo-version. This may be due 
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Fic. 3.—Sequela of an extrinsic ocular muscle palsy. Paresis of right 
lateral rectus. 
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Fic. 4.—Sequela of an extrinsic ocular muscle palsy. Paresis of left 
superior oblique. 
to paresis of both elevators or of both depressors of one eye, or to 
paresis of a dextro-elevator of one eye and a laevo-depressor of the 
other or vice versa. 
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INVESTIGATION 


The elucidation of the history of onset of the symptoms and their 
course, together with adequate questioning regarding all possible aetio- 
logical factors, is an essential preliminary to the examination. 


SympToMs.—The chief symptoms are diplopia, loss of binocular vision, 
defective ocular mevement, and compensatory head posture. 


(i) Diplopia.—This is the common and universal symptom in cases of 
ocular palsy, except in those of congenital origin when it may be absent 
on account of compensation or because of uniocular suppression. It may 
occur in all directions of the gaze or only in certain directions. It may be 
constant or it may be intermittent. In rare instances diplopia may be 
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absent in acquired ocular palsy (apart from those cases where one eye is 
bandaged or has lost its vision). Its absence is the result of suppression 
of the vision of one eye, which may occur rapidly after the onset of an 
ocular palsy in persons of defective intellectual capacity or of hysterical 
personality. 


Useful information may be obtained by interrogating the patient 
regarding the type and behaviour of the diplopia. Enquiry as to whether 
the diplopia is “ horizontal” or “ vertical” reveals whether or not a 
vertically acting muscle is at fault, because, if the double vision is entirely 
horizontal, no vertically acting muscle can be affected. The nature of the 
onset of the diplopia gives helpful information, and it is important to 
know if it is constant or intermittent and whether it can be overcome by 
the adoption of a compensatory head posture. 


In some cases of slight paresis, diplopia may occur only when looking 
in a certain direction of the gaze, or it may occur only when viewing 
distant objects or only when viewing near objects. 


(ii) Loss of Binocular Vision without diplopia may be noticed in cases 
where a latent deviation gradually becomes manifest, as in certain cases of ° 
ocular palsy of congenital origin. The patient may notice that he is 
using only one eye at a time and may volunteer that he “ finds himself 
closing one eye”’, especially when reading. 


(iii) Defective Movement, or excessive movement of one eye as compared 
with the other in a particular direction of the gaze, may be noticed by the 
patient or by his relatives. Defective movement occurs in cases of 
congenital palsy of the lateral rectus muscle when the deficient abduction 
of the affected eye is obvious when the gaze is directed laterally to the 
ipsolateral side. Excessive movement occurs in cases of palsy of one of 
the vertically acting muscles when the eyes are directed into the appropriate 
position of latero-version, where the updrift (or downdrift) of the contra- 
lateral eye-is obvious. 


(iv) Compensatory Head Posture, adopted in the interests of binocular 
vision, especially in cases of congenital origin, may be the only abnormality 
noted by the patient or more usually by his relatives. Thus such patients 
are sometimes directed to an orthopaedic department with a diagnosis of 
torticollis due to contracture of the sterno-cleido-mastoid muscle, not- 
withstanding that no obvious contracture of this muscle exists. It is an 
interesting fact that an abnormal head posture may be unnoticed or 
ignored throughout childhood. Even in adult life a patient with a 
congenital palsy of a vertically acting extrinsic ocular muscle and an 
obvious compensatory head tilt may be quite unconscious of his 
abnormality, although photographs taken many years previously may show 
it to have been present throughout life. 


A compensatory head posture may exhibit one or more of the following 
components: 
(a) elevation or depression of the chin; 
(6) turn of the face to one or other side; 
(c) tilt or inclination of the head to one or other side. 
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It may be stated as a general rule that, in a case of ocular palsy, the head 
is placed in such a position that the eyes become directed away from the 
direction of the main action of the affected muscle, or (what amounts to 
the same thing) “‘ the face looks towards the false image ”’. 

Elevation or depression of the chin is commonly employed to overcome 
diplopia due to a vertical deviation of the visual axes. The chin is elevated 
if there is weakness of an elevator muscle, and depressed if there is weakness 
of a depressor muscle. Elevation or depression of the chifi may also be 
employed to overcome diplopia due to a horizontal deviation of the visual 
axes; elevation of the chin helps to overcome divergence, and depression 
of the chin helps to overcome convergence. é 

Turning the face to the right or left helps to overcome diplopia due to 
a horizontal deviation of the visual axes, caused by weakness of one of 
the horizontally acting muscles, are 

Tilting of the head takes place as a compensatory mechanism 1n order 
to reduce the vertical deviation of the visua) axes and/or to overcome 
cyclotropia. The latter may be due to the primary palsy or to one of its 
sequelae. 


CLINICAL EXAMINATION.—This involves an examination of the head 
posture, ocular posture, ocular movements, and diplopia. It necessitates 
the use of the cover test, the Maddox rod, the Hess (or Lancaster) screen, 


and the synoptophore (or other form of major amblyoscope). 


Deviation of the Visual Axes.—This is usually evident on inspection, 
especially if one of the horizontally acting muscles is affected. In cases 
of paresis of one of the vertically acting muscles, the deviation may not be 
obvious, since there are fwo elevators and two depressors belonging to 
each eye. The patient may elect to fix with the paretic eye instead of 
the non-paretic eye, either because the former enjoys better vision, or 
because by so doing the separation of the images is greater and suppression 
occurs more readily, or because it is the hypotropic eye (looking down 
being a more useful ocular movement than looking up). 


Limitation of Movement.— Limitation in the direction of main action of 
the paralysed muscle is often an important diagnostic feature, especially 
if accompanied by exaggeration of the corresponding movement of the 
other eye. It is less noticeable in paralysis of the vertical recti, and least 
noticeable in paralysis of the oblique muscles, but it is usually demonstrable 
if the ocular movements are carefully tested in all directions of the gaze 
and the excursions of the two eyes compared. The limits of ocular 
movement depend not only on the action of the eye muscles but also upon 
the fascial check ligaments. 

A maximal innervation is not necessary in order that the eyes shall reach 
the normal limits of movement, therefore a paretic muscle may be capable 
of bringing the eye to the normal limit of movement by excessive 
innervation. 

Study of the Diplopia.—This is one of the easiest methods of determining 
the muscle or muscles affected. It depends upon the two cardinal facts that 
the separation of the two images is maximal in the direction of main action 
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of the paralysed muscle, and that the image of the affected eye is projected 
into space in the direction of action of the paralysed muscle. Estimations 
of the direction of gaze in which the separation of the images is maximal, 
and of the eye to which the “ further-away ” image belongs, lead directly 
to the diagnosis. Fig. 5 shows diagrammatically the main muscles 
concerned in the various diagnostic positions of the gaze. The diagnosis 
is more complicated if two or more muscles are affected, but the paretic 


ones can usually be satisfactorily identified. 


SUP. RECT. INF.OBL. \NF OBL. SUP.RECT. 
DEXTRO-ELEVATION LAYO-ELEVATION 
4 
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SuP.OBt. 
DEXTRO-DEPRESSION LAVO-DEPRESSION 


Fic. 5.—The six diagnostic positions of the gaze. 


__ The use of a bar of light instead of a spotlight in studying the diplopia 
in the various directions of the gaze gives additional diagnostic information 
with regard to torsion. Fig. 6 (overleaf) shows the extent and nature of 


the diplopia in typical cases of palsy of the individual extrinsic ocular 


muscles of the left eye. 


Cover Test.—This should be performed for fixation at a distance as well 
as for near fixation; it gives reliable evidence of the presence or absence 
of binocular fixation and of the direction and extent of the ocular deviation. 
If binocular fixation is present, it also provides evidence of the presence 
or absence of latent deviation and of the rate of recovery of binocular 


fixation. 


Estimation of the Angle of Deviation between the two visual axes is 
carried out with the Maddox rod and spotlight. This offers a suitable 
standard method of measurement which can be carried out either in the 
consulting room or at the bedside. If the test is repeated at intervals in 
identical circumstances, it is a suitable method by which spontaneous 
recovery may be assessed. We have used this measurement of the deviation 
of the eyes as a basis for planning the appropriate surgical treatment, 
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Fic. 6.—Position of images in cases of palsy of extrinsic ocular muscles of the left eye. 
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although the results of other tests must also be taken into consideration. 
The test should be carried out at a distance of 6 m. from a spotlight, and 
the Maddox rod should be placed in front of each eye in turn, as the 
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Fic. 7(a).—Maddox rod chart at 1 m. Fic. 7(6).—Maddox rod chart at 1 m. 
before operation. Palsy of left su- after operation—resection of left 
perior rectus duc to orbital trauma. superior rectus. 


measurement may vary according to which is the fixingeye. The measure- 
ments are more accurate when the dis placement is neutralized by prisms than 
when the tangent scale is employed 
and speed of examination is increased 
by the use of a prism bar. The 
Maddox rod and a movable spotlight 
held at a distance of one metre are 
used in most cases for measurement 
of the angle of deviation of the visual 
axes in the nine cardinal directions 
of the gaze. This gives valuable 
diagnostic information. An example 
of a pre- and post-operative Maddox 
rod chart is shown in Fig. 7. To 
obtain the maximum amount of in- 
formation from the test it should be 
carried out twice, first with the 
Maddox rod in front of the right eye, 
Fic. 8.—Large Maddox rod and then with the Maddox rod in 
mounted on handle. front of the left eye. It is advan- 
tageous to use a large Maddox rod 
mounted on a handle (Fig. 8) and two prism bars, one for measuring 
vertical deviations and one for horizontal deviations (Fig. 9, overleaf). 
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Hess Screen.—This has been used extensively in our work. It not only 
demonstrates the muscle or muscles primarily affected, but also indicates 
the sequelae of the initial palsy affecting other muscles. It also provides 
a diagrammatic record of the condition of the extrinsic ocular muscles at 
any one period, so that progression or retrogression of the deviation, and 
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Fic. 9.— Berens 
prism bars. Hori- 
zontal and _ vertical 


(perspex). 
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the results of surgical treatment, can be clearly estimated. The apparatus 
(Fig. 10) consists of a tangent screen and an indicator: 


(i) Tangent Screen.—This is 
made of black cloth and is 
approximately one yard 
square. It is marked out bya 
series of red lines, which sub- 
tend an angle of 5° between 
them. At the zero point 
situated at the middle of the 
screen, and at the points of 
intersection of the 15° and 30° 
lines with one another and 
with the horizontal and 
vertical lines, there is a red 
dot. These red dots form an 
“‘ inner square” of nine dots 
and an “ outer square” of 
sixteen dots. The dots forming 
the inner square are round, 
and those forming the outer 
square are rectangular. 


(ii) Indicator.—This consists 
of three green cords of equal 
length knotted together to 
form a Y. The end of each 
green cord is connected to a 
black thread, one of which is 
attached to the tip ofa movable 

Reproduced from “ Worth and Chavasse’s Squint ”, ed. T. K. black rod or pointer 50 cm. 

Lyle, 8thed. 1950. (Bailliére, Tindal!, and Cox, London.) long; the other two black 
threads pass through loops situated at the upper corners of the screen and are attached 
to small weights which keep them taut. 


This arrangement enables the patient holding the black rod to move 
the indicator over the surface of the screen in any direction, but (owing 
to the method of attachment of rod to indicator) the influence of muscle 
and joint sense in judging the position of the indicator is eliminated.* 

_The patient is seated 50 cm. (the length of the rod) from the screen with 
his eyes level with, and opposite to, the zero point. He wears a pair of 
red and green glasses and takes the pointer in his right hand. It is 
important to see that the colour of the red and green glasses is comple- 
mentary to that of the green cord and red dots respectively, and that the 
patient’s eyes are on a level with the centre dot on the screen. A suitably 
placed head-rest mounted on a small table (Fig. 10) is a great advantage. 
The patient should be told that the red glass has been placed in front 
of his right eye and the green glass in front of his left eye. It should be 





Fic. 10.—Hess screen. 





* The Law Indicator, consisting of a black rod with a green ring at its tip, is a simpler device but less 
accurate. 
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demonstrated to him that when his left is covered he can see only the 
red dots on the screen, and that when his right eye is covered he can see 
only the green cord. He should then be told that he will be required, by 
moving the pointer, to place the knot at the centre of the three green cords 
upon each red dot in turn, beginning at the centre dot, passing to that 
immediately above it, and then proceeding in a clockwise direction until 
all the dots have been dealt with. The test is repeated with the red glass 
in front of the left eye and with the green glass in front of the right eye. 
The peripheral (rectangular) dots are usually only used if the degree 
of paresis is insufficient to show any obvious defect when the central 
(round) dots are used. If the colour of the glasses is not truly com- 
plementary to those of the screen and indicator cord, the patient may 
see two series of dots, one red and the other dark green, and the same 
remark may apply to the cords. This will jeopardize the result unless it 
is pointed out to the patient that he must concentrate on the bright red 
dots and the bright green cord, and ignore the others if they are visible. 
Sometimes suppression causes difficulty, but this may temporarily be 
overcome by covering the master eye for a few seconds immediately 
before taking a reading. 


Examination of patients by means of the synoptophore (or other major 
amblyoscope) is of the greatest value. The most important information 
obtained relates. to the state.of the binocular vision, to the presence of 
suppression, and to the fusional duction power. The angle of deviation 
can be obtained, not only in the primary position but also in latero- 
version, and also in some instruments (e.g. the Lyle major amblyoscope), 
in elevation and in depression. 





OTHER EXAMINATIONS.—In addition to clinical examination, both 
ophthalmic and general, various ancillary examinations may be necessary 
to discover the aetiology of the condition. It may be that the case is 
clearly of congenital origin. On the other hand the cause may be 
indefinite, so that a general medical examination with special reference to 
the central nervous system is required including perimetry and scoto- 
metry. Examination of the urine, of the blood Wassermann reaction, 
and of the skull and orbits by radiological methods may be necessary. 
Lumbar puncture, and even encephalography, ventriculography, and 
arteriography may be essential in some cases. 


It cannot, however, be overstressed that these laboratory and other 
ancillary methods of investigation should not be carried out until a 
detailed case history has been taken and a thorough clinical examination 
made. In many cases the cause of the ocular palsy is patently obvious if 
due attention is paid to the clinical facts. 


Cases of compensated ocular palsy of congenital origin often show signs 
of decompensation in adult life, and may thus be misdiagnosed and 
thought to be cases of acquired palsy. 


It is important from the point of view of treatment to differentiate 
between congenital and acquired ocular palsy, because whereas in the 
former the treatment is invariably operative, in the latter the treatment 
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varies according to the cause. 
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Furthermore, it may be important from 


the medico-legal point of view to know the exact cause of the condition. 


It is, therefore, desirable to have a clear conception of the clinical 
features which distinguish the two types of case. These are set out in 





Table B. 
TABLE B 
DIFFERENTIAL DIAGNOSIS 
Ocular Palsy | Congenital | Acquired 





- Onset of Symptoms 


Usually indefinite and inter- (Usually definite and sudden 


mittent 





(a) Intermittent diplopia, or 


Diplopia almost invari- 























Subjective diplopia in certain directions | ably present (depending 
(patient’s of the gaze upon the severity of the 
own symp- (6) Difficulty in focusing palsy this may occur in all, 
toms) (c) Preference for reading with | or only in certain direc- 
one eye closed tions of the gaze) 
| N.B.—If the condition is fully | 
| compensated there are no sub- 
| jective symptoms 
Ri scplaccanii 
| 
| (a) Intermittent squint, and/or | The squint is noticeable to 
Symptoms Objective | eyes ‘** look crooked ” in cer- | others if the angle of devia- 
lobes cab ons | tain directions of the gaze (e.g. | tion is sufficiently large. 
| oeade ® | updrift or downdrift of oppo- | The angle of deviation is 
lati 4 | site eye on latero-version) usually constant and not 
shscataaehinis (6) Abnormal head posture _| intermittent 
| Usually present, but = ie May occur, but if so the 
| is unaware of it, unless others — patient is usually aware of 
| draw his attention to it it 
Compensa- | Accompanying the compen- | No anatomical changes 
tory Head satory head posture there | present 
Posture | is scoliosis with anatomical | 
| changes in the vertebral | 
| column 
Angle of | This may be large and yet the | This may be small and yet 
Latent | symptoms may be only slight | the resulting symptoms 
Deviation | may be pronounced 
Signs | This is usually only slightly | This is usually much 
Angle of | greater than that of the | greater than that of the 
Secondary | primary deviation, i.e. the | primary deviation, i.e. the 
Deviation | deviation tends to be con- | deviation tends to be in- 
| comitant | comitant 
| Suppression is always present ; Suppression is absent at 
to some extent. It usually | first but may occur later 
| affects one eye (but not neces- 
Suppression | sarily the one with the paretic | 


muscle) in the ocular posture 


| in which the affected muscle 


has its main action 
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SURGICAL TREATMENT 


Surgical treatment is indicated in all cases of paralytic strabismus 
provided that the causative condition has become inactive and that 
diplopia persists. In the congenital type a considerable degree of 
suppression tends to mask diplopia and in many cases a compensatory 
head posture may overcome this symptom to a great extent. Para- 
lytic strabismus due to head injury may undergo a large degree of 
spontaneous recovery and only about id per cent. of cases require 
surgical treatment. It is therefore essential to allow a reasonable 
period of time to elapse (at least 4 months), and/or to wait until the 
ocular deviation is static before surgical treatment is undertaken. 
On the other hand, in some cases, prophylactic surgical treatment 
may be considered. In all muscles throughout the body, paresis is 
followed by contracture of the antagonists. In the case of skeletal 
mu‘cles, contracture may be prevented by the appropriate use of 
splints. Splinting of an eye with paresis of an extrinsic muscle, 
however, is not a practical proposition, but loosening of the direct 
antagonistic muscle by some surgical method may prevent its 
contracture and thus assist recovery of the paralysed muscle. 


PRE-OPERATIVE TREATMENT.—It is of great assistance in achieving full 
success in surgical treatment if the binocular vision can be stimulated 
by orthoptic methods before operation. If the visual axes are made 
approximately parallel, a more rapid resumption of normal binocular 
activities will occur if the binocular functions have been kept exercised 
than if some degree of suppression has occurred. In some patients 
prisms may be prescribed temporarily to overcome diplopia. 


OPERATION IN CASES OF OCULAR PALsy.—The planning of appropriate 
surgical treatment for a case of ocular palsy would be a simple matter if 
it were possible to predict precisely how many millimetres of retroplace- 
ment, or of resection of a muscle, were required in order to overcome any 
given angle of deviation. Although it is possible to lay down certain 
approximate figures giving the relationship of certain operations upon the 
ocular muscles to their effect on the angle of deviation, it is quite impossible 
to be dogmatic because there are so many variable factors to be considered. 


The variable factors which must be taken into account in each case are: 


(i) The size of the eyeball—the bigger the eyeball the greater the effect of any operation 
upon one of its muscles, and the smaller the eyeball the less the effect. 


(ii) The degree of relative ex- or en-ophthalmos—the more protuberant the eye the 
greater the effect of any operation upon one of its muscles, and the less protuberant 
the eye the less the effect. 


(iii) The strength of the muscle upon which the operation is performed—the stronger 
the muscle the greater the effect, the weaker the muscle the less the effect. 

















PARALYSIS OF EXTRINSIC OCULAR MUSCLES 529 


(iv) The amount of contracture of the direct antagonist and of Tenon’s capsule— 
only a small effect can be expected to result from resection of a muscle whose direct 
antagonist is in a state of gross contracture, unless at the same time the latter is 
adequately retroplaced and the contracted Tenon’s capsule is freely divided. 


(v) The amount of overaction of the contralateral synergist—an operation designed 
to weaken the overacting muscle will give a greater effect if the overaction is of gross 
degree. 

(vi) The amount of paresis of the contralateral antagonist—an operation designed to 
strengthen this muscle will give a greater effect if the paresis is slight. 


(vii) The age of the patient—the younger the patient the greater the effect of any 
ocular muscle operation. 


(viii) The length of time the squint has been present—the longer the “ squinting 
period ” the less the effect of any ocular muscle operation. 


(ix) The aetiological factor concerned in the causation of the ocular palsy—in 
paralytic strabismus due to a nerve lesion there is usually gross overaction of the contra- 
lateral synergist and an obvious contracture of the direct antagonist, therefore 
both these factors usually require surgical attention. On the other hand, in “ paralytic” 
strabismus due to a relative defect of one or more of the ocular muscles caused by 
displacement of the eyeball due to orbital trauma, or in the case of a lesion of a muscle 
itself, there may be only slight overaction of the contralateral synergist and only slight 
contracture of the direct antagonist. Therefore, it is better to plan an operation to 
strengthen the primarily affected muscle. ; 


(x) The variability of the angle of deviation—in paralytic strabismus in which the 
angle of deviation is relatively fixed and rigid, an operation upon any of the ocular 
muscles produces less effect than it does if the angle of deviation is variable. 


It must also be borne in mind that it is a mistake to attempt to overcome 
a large angle of deviation by an operation upon one eye only, otherwise 
there is a grave risk of obtaining an asymmetrical result. For instance, 
a left convergent deviation of, say, 20° due to paresis of the left lateral 
rectus might well be overcome by performing a retroplacement of the left 
medial rectus of 10 mm., the result probably being orthophoria in the 
primary position; but such a procedure would be bad surgery, since it 
would almost certainly cause weakness of convergence and weakness of 
dextro-version of the left eye, resulting in horizontal diplopia for near 
objects, and on dextro-version. It is important to ensure that the two 
eyes move symmetrically and equally in all directions. In many cases, 
especially in those with a large angle of deviation, surgical treatment should 
be planned in a series of stages, with an interval of at least a week or 10 days 
between each successive stage. Accurate measurements of the deviation 
in the various directions of the gaze should be made between each stage 
so that the previously planned procedure can be reviewed and if necessary 
modified before subsequent operation. 


It is important to realize that defects should in general be slightly 
undercorrected, rather than overcorrected. Patients are much more 
comfortable with an approach to orthophoria, than with an overcorrection 
which has the effect of producing a new paresis causing a deviation in the 
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opposite direction. It is better to approach orthophoria in stages, than 
to overcorrect and then to be faced by a completely new problem. 


SURGICAL TECHN:QUE.—Some special features to notice include: 

(1) Recessions and Resections of the rectus muscles are carried out by one of the 
recognized methods. In performing a recession, it is important to sever the muscle 
tendon cleanly from the sclera and to make the new insertion precisely parallel with 
the old. This is of special importance when dealing with the vertical recti, whose 
insertions are not parallel with the limbus. 

(2) Marginal Myotomy has a useful place in the treatment of paretic strabismus of 
slight degree. It may be carried out under instillation cocaine anaesthesia, so that 
measurements of the deviation can be made before and during the course of the 
operation, using a sterilized Maddox rod and a spotlight. The spotlight is preferably 
held by an assistant so that it carr be moved into various directions of the gaze. Surgical 
adjustment can be made step by step until the eyes are orthophoric in the desired 
direction. Orthophoria should be obtained when the eyes are looking down—this is 
more important than obtaining orthophoria in the primary position. The process of 
healing sometimes results in a slight return of the deviation but it is never more than 
2 or 3 prism dioptres. 

(3) The Superior Oblique Muscle can be approached between the trochlea and the 
insertion of the muscle, either trans-conjunctivally, or by the external route through the 
skin, preferably the former. A lengthening effect can be obtained by dividing the 
‘tendon lengthways, dividing the two halves at different levels and performing a tendon 
slide, by simple tenotomy, or by partial tenectomy, A shortening effect may be 
obtained by means of tenoplication orby resection. It should be borne in mind that, 
especially in the case of an adult, the torsional effect of operating upon the superior 
oblique muscle may be considerable, so that unless a torsiona) deviation, such that an 
operation upon the superior oblique is indicated, is present it may be wiser to operate 
upon the appropriate vertical rectus. 

(4) The Inferior Oblique Muscle can be approached either at its origin, or at or near 
its insertion. When it is exposed at its origin the muscle may be completely cut through, 
but this may have relatively little effect because the cut end may assume another 
attachment to the floor of the orbit. A much bigger effect is obtained by excising. a 
piece of the muscle (partial myectomy). The exposure can be made through the skin 


or through the conjunctiva, the former method being on the whole more satisfactory. 
The approach to, or near to, the insertion of the muscle must be made through the 


conjunctiva between the lateral and inferior rectus muscles. The insertion may be 
retroplaced an accurately measured amount, as required. If it is desired to enhance the 
action of the inferior oblique, it may be plicated or resected. 


ANAESTHETIC.—Although all these operations can, if required, be 
carried out under local anaesthesia, it is only in cases with sma)) degrees 
of deviation, in which a marginal myotomy is planned and in which 
observations of the effect of the procedure during operation (by the use 
of the Maddox rod and spotlight) are required, that it is necessary to do 
so. The majority of these procedures are more conveniently carried out 


under general anaesthesia. 


Post-OPERATIVE TREATMENT.—Either both eyes are left unpadded after 
operation, or else both are padded, depending upon the nature of the case. 
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If both eyes are padded, the coverings are removed as soon as possible. 
In cases where a simple recession has been carried out, there is usually no 
need to pad the eyes at all, or at all events for not moré than 24 hours, 
and in cases where a resection has been performed, either with or without 


a recession of the direct antagonist, the eyes need not be padded for 
more than two days. When the inferior oblique muscle has been 


approached through the skin, the eyes need never be padded. Orthoptic 
treatment should be resumed on the second or third day and maintained 


until the eyes have settled in their post-operative state. 


SURGICAL OPERATIONS UPON VARIOUS MUSCLES 
(1) HORIZONTALLY ACTING MUSCLES 


Medial Rectus.—For reasons already stated it is undesirable to 
weaken this muscle excessively; hence it is wise to refrain from 
retroplacing this muscle more than 7 mm. in an adult, and 5 mm. 
inachild, The correction produced by a 5-mm. recession may vary 
from 7 to 10 prism dioptres. 

Lateral Rectus——If this muscle is over-liberally retroplaced or 
tenotomized, a defect of abduction may result, but this is not likely 


to cause inconvenience because on full latero-version the nose acts as 


a natural occluder to the contralateral eye, so that a deviation of the 
visual axes which only occurs on full latero-version is not likely to 
give rise to diplopia. 

A recession of the medial rectus of 5 mm., combined with a 
resection of the ipsolateral lateral rectus of 5 mm., gives an average 


correction of from [5 to 20.prism dioptres. 
(2) VERTICALLY ACTING MUSCLES.—Since there is less elasticity in 


the vertical movements of the two eyes and since the vertical fusional 
reserve is considerably less than the horizontal fusional reserve, 
greater precision is required in operation upon the vertically acting 
muscles than upon the horizontally acting muscles. Furthermore, 
the field of binocular fixation is not limited in the upward and 
downward directions of the gaze by means of the nose. 

lt must also be remembered that the vertically acting muscles have 
a subsidiary action of torsion, and that, unless a torsional deviation 
exists which needs correction, an operation upon a vertically acting 
muscle to relieve a vertical deviation must be so planned that it 
does not produce a torsional one. 


Vertical Recti—In operating upon the vertical recti, it is important 
to remember that looking down is a far more important and useful 
movement for most people than is looking up. It is impossible to 
walk down steps, to eat one’s food, drive a car, or land an aircraft 
without extensive use of the depressor muscles, therefore it is 
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important to obtain more or less parallelism of the visual axes in 
depression of the eyeballs, because diplopia occurring on looking 
downwards is grossly inconvenient. Diplopia occurring only on 
looking upwards is for most people not unduly distressing. 


It is desirable, however, to overcome diplopia in all directions of 
the gaze if possible. 


In order to preserve symmetry of ocular movements it is important 
when dealing with paresis of one of the “ dextro” vertical muscles 
(i.e. one of the vertically acting muscles the main action of which is 
exerted when the eyes are in dextro-version) to confine one’s surgical 
attention for the most part to this group of muscles, otherwise an 
asymmetrical and incomitant result is likely to occur. 


In general, 1 mm. of retroplacement of one of the vertical recti 
overcomes a vertical deviation of about 4 to 5 prism dioptres when the 
eyes are in the primary position, and 1 mm. of resection of one of the 
vertical recti overcomes a vertical deviation of about 3 prism dioptres 
when the eyes are in the primary position. This, of course, means 
that the effect will be greater when the eyes are looking in the direction 
of action of the muscle which has been operated upon, and less when 
looking in the opposite direction. This is an important practical 
point to bear in mind. For reasons already stated it is always 
desirable to aim at obtaining more or less orthophoria in depression 
of the eyeballs. 


Recession or marginal myotomy gives a larger result when it is 
carried out on the inferior rectus than when it is performed on the 
superior rectus. This is probably due to Bell’s phenomenon 
(elevation of the eyes on closure of the eyelids) which enhances the 
result of such surgical treatment on a depressor muscle by stretching 
it, and lessens the result of such treatment on an elevator muscle by 
keeping the muscle in a contracted state. From this it will be 
appreciated that padding the eyes after such operations may have 
either a beneficial or an adverse effect, depending on whether the 
surgical treatment has been insufficient or over-liberal and which 
muscle has been subjected to operation. 


Obliques.—The simple and rather primitive operation of myectomy 
(or in some cases tenotomy) of the inferior oblique has sometimes 
been criticized as being an unscientific procedure, but the fact remains 
that in properly selected cases the result of such an operation is most 
satisfactory. _Myectomy of the inferior oblique of an eye is indicated 
when there is an obvious updrift of that eye when the gaze is 
directed to the opposite side, i.e. if on dextro-version there is a gross 
updrift of the lett eye, then a myectomy of the left inferior oblique 
should be performed. Such an updrift may be due to paresis of the 
ipsolateral superior oblique or of the contralateral superior rectus. 
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A myectomy of the inferior oblique may also be indicated in the 
presence of excyclotropia or excyclophoria with or without an 
obvious overaction or contracture of the muscle. 

The amount of effect obtained in terms of reduction of angle of 
deviation depends entirely upon the amount of overaction or con- 
tracture of the muscle. 

We have never encountered an over-effect from this operation, 
provided that the eye in question showed an obvious updrift on 
contra-latero-version. The reduction of the angle of vertical 
deviation may be anything from 2 to 20 prism dioptres, and the 
reduction of excyclotorsion anything from 2° to 12°. 

Tenotomy of the superior oblique has not been frequently carried 
out in adults, because of the risk that excyclophoria or excyclotropia 
may result from weakening a muscle the action of which is intorsion. 
Conversely, tenoplication or resection of the superior oblique is 
likely to produce incyclotorsion. The first of these operations, 
however, may be indicated if overaction or contracture of the superior 
oblique is associated with incyclotorsion, and the second of these 
operations may be indicated if weakness of the superior oblique is 
associated with excyclotorsion. 

The results of surgical treatment in the 219 cases under review are 
set out in Tables I to XXII. For the sake of brevity the only 
measurements of the angle of deviation recorded in the Tables 
are those taken in the primary position with a Maddox rod and a 
spotlight at 6 m., the Maddox rod being placed in front of the 
affected eye, i.e. with the unaffected eye fixing. The following 
abbreviations are used throughout: 


M.R.—Medial rectus Exo—Exophoria or Exotropia 

L. R.—Lateral rectus Eso—Esophoria or Esotropia 

S. R.—Superior rectus L/R—Left, hyperphoria or hypertropia 
I. R.—Inferior rectus R/L—Right, hyperphoria or hypertropia 
S. O.—Superior oblique  —Horizontal orthophoria 

I. O.—Inferior oblique -@ —Vertical orthophoria 


© —Horizontal and vertical orthophcria 


OPERATIONS FOR PALSY OF THE LATERAL RECTUS 
(Total cases 27, Tables I to IV) 


In general, a case of palsy of the lateral rectus may be treated by: 
(a) recession of the contralateral synergist (the contralateral medial rectus), 
(6) recession of the direct anatagonist (the ipsolateral medial rectus, 
(c) resection of the affected muscle, 
(d) resection of the contralateral antagonist (the contralateral lateral rectus), 
or by a combination of any of these. 
Where the deviation is small, a marginal myotomy may be substituted 
for a recession, and a tenoplication for a resection. 
In a case of complete paralysis of the lateral rectus of acquired origin 
in which the patient is unable to abduct the affected eye beyond the 
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TABLE I 
PALSY OF LATERAL RECTUS 
Traumatic—due to 6th cerebral nerve lesion 





: | Average Measurements 
Surgical Procedure No. of | Time since |_ ; 
Cases | Injury Pre-operative | Post-operative 

(Esotropia) (Esophoria) 





























Recession ipsolateral M.R. ... | | 
Resection and O’Connor’s oper- | 7 5 months 38> 2> 
ation affected muscle | | | 
| | | 
Recession contralateral M.R. ... 2 | 5months | 18:54 4° 
. | 
‘¢ paces tr ae M.R. ... | 
esection contralateral L.R. ... | ; 
+ OConnors operation affected | |! |23 months | silt ip 
muscle 
Marginal myotomy ipsolateral | 1 | 3 months | 4° 2> 
M.R. | | 
Recession ipsolateral M.R. ...| 1. | 20 years | 224 | 64 
( Recession ipsolateral M.R. | 
(1)< O re ar s operation affected | 1 | l year | 954 & 
(2) Recession contralateral M.R. | 
° . | | } 
Recession ipsolateral M.R. ... 2 18 months | 24 24 
| 


Resection affected muscle Re | | 





mid-line, an O’Connor’s (Hummelsheim’s or Temple-Smith’s) operation 
is indicated. The procedure, which involves strengthening the palsied 
lateral rectus by slips consisting of the outer or inner third of the superior 
and inferior rectus muscles respectively, gives some degree of abduction but 
will not usually abolish diplopia on the affected side altogether. This 
operation is usually combined with a recession of the ipsolateral antagonist 
and a resection of the affected muscle. 


Congenital Palsy of the Lateral Rectus (Table III).—Certain cases are 
encountered in which one eye shows complete absence of abduction (dating 
from birth) and yet the visual axes are parallel in the primary position. 
In such cases, provided that there is approximately orthophoria in the 
primary position, operation is not indicated, for any operation which 
improves the power of abduction of the affected eye will automatically 
cause defective adduction and may result in a divergent squint. If, 
however, there is a fair degree of esophoria in the primary position (or 
perhaps even esotropia with a compensatory head turn to the side of the 
affected eye), then operation is indicated—usually a recession of the 
contralateral medial rectus and possibly a recession of the ipsolateral 
medial rectus: if the deviation is large a resection of the affected lateral 
rectus may also be performed. Where the deviation in the primary 
position is large and there is a marked compensatory head posture (head 
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TABLE II 
PALSY OF BOTH LATERAL RECTI 
Traumatic—due to 6th cerebral nerve lesions 





No. of | 
Surgical Procedure | Cases | 
| 
| | 


Time since | 
Injury | 


Average Measurements 


Pre-operative | Post-operative 
(Esophoria) 





(1) L.M.R 
Resection L.L.R. 
Recession R.M.R. 
(2) is... 
(3) Re-recession L.M.R. ... 


| 
4 months | 


| 


4° 





(1) Recession L.M.R. ... 
Resection L.L.R. 
(2) Recession R.M.R. 
Resection R.L.R. ... 
(3) Marginal Myotomy R.M. R. 
O’Connor’s operation R.L.R. 
(4) Resection L.L.R. <a *e, 





— 





TABLE III 
PALSY OF LATERAL RECTUS 


Of congenital origin 





| No. of |_ 
Surgical Procedure | Cases | 


Average Measurements 





Pre-operative 
(Esotropia) 


Post-operative 
(Esophoria) 





Recession contralateral M.R. 


Zs 


6> 





Recession contralateral MLR. ... | 
Resection affected muscle 


i> 


=> 





(1) Recession contralateral M.R. 
(2) Recession ipsolateral M.R. 


35 


1> 





(1) Recession contralateral M.R. 
(2) J Recession ipsolateral M.R. | 
‘Resection affected muscle ... 


50> 


134 





turn to the side of the lesion) O’Connor’s operation is indicated. How- 
ever, in very young children with such a lesion, a muscle transplant 
operation is in our opinion not indicated, as there is a risk of vertical 
imbalance resulting because of the instability of the binocular reflexes. 


_In cases of Duane’s retraction syndrome, in which there is a peculiar 


fibrotic condition of the lateral and to some extent of the medial rectus, 
still greater care must be exercised and a muscle transplant operation is 
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TABLE IV 
PALSY OF LATERAL RECTUS 
Of indeterminate pathology 





: : | Average Measurements 
No. of | Time since | 























(2) Myectomy ipsolateral 1.0. | 
| | 


* In this case there was also ipsolateral S.O. palsy 


Surgical Procedure Cases | Onset of 
Strabismus | Pre-operative | Post-operative 
| (Esotropia) | (Esophoria) 
Recession ipsolateral M.R. ... | | | 
Resection affected muscle... | | Sears | sal | . 
) | ! es 
(1) Recession contralateral, M.R. | Tals 
(2) Recession ipsolateral M.R.... | I 4 years | 25“ | sf 
f 
(1) Recession contralateral M.R. | 
(2) Resection affected muscle ... I 7 years | -_ | 
(1) Recession ipsolateral M.R... 1* | 60 years | 
| | 


20> | 10< 
(L/R 94) (L/R 44) 
| symptom-free 





never indicated. A recession of the contralateral medial rectus is the 
operation of choice, sometimes to be followed by a small’ recession or 
marginal myotomy of the ipsolateral medial rectus. Some cases are 
complicated by a sursumvergent deviation of the affected eye, and may 
need in addition a myectomy of the ipsolateral inferior oblique. 


OPERATIONS FOR PALSY OF THE MEDIAL RECTUS 
(Total cases 6, Tables V and VI) 

Paresis of the medial rectus may be treated by a tenotomy or recession 
of the lateral rectus of the opposite or of the same eye. If the deviation 
is large both muscles may be treated at the same operation. Our results 
show that a tenotomy of the lateral rectus of the opposite eye gave an 
average correction of 11 prism dioptres, while recession of the lateral 


TABLE V 
PALSY OF MEDIAL RECTUS 
Due to orbital trauma 





Average Measurements 
Me of he 








Surgical Procedure | Cases | Injury | Pre-operative | Post-operative 
| | (Exotropia) | (Exophoria) 
Partial tenotomy contralateral L.R.| 1 4 months | 4:55 





| 

| 

Recession contralateral L.R. ... | 1 | 6months| 104 | 
| 
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TABLE VI 
PALSY OF MEDIAL RECTUS 
Of congenital origin 





Average Measurements 














ae 
| No. of |_ 
Surgical Procedure Cases | 
Pre-operative | Post-operative 
(Exotropia) (Exophoria) 
| | 
Tenotomy contralateral L.R. ... | 2 | 20> | 54 
Tenotomy both L.R. sit | 1 | 26> Ja 
Recession contralateral L.R._... | 1 | 6> ® 





rectus of the opposite eye gave 7 prism dioptres of correction or approxi- 
mately 2 prism dioptres for each millimetre of recession. In the one 
case, where both lateral rectus muscles were divided, the resulting correction 
was 19 prism dioptres. 


OPERATIONS FOR PALSY OF THE SUPERIOR RECTUS 
(Total cases 68, Tables VII to X) 


The usual surgical treatment for paresis of the superior rectus is a 
partial myectomy of the contralateral inferior oblique. In our series this 
gave an average correction of 7 prism dioptres, but the result achieved 
depends entirely upon the amount of overaction of the muscle. Thus the 
correction achieved may vary from 2 to 20 prism dioptres. Where the 
deviation due to the paresis is less, a myotomy of the inferior oblique 
muscle may be carried out. Recession of the inferior rectus muscle of the 


TABLE VII 
PALSY OF SUPERIOR RECTUS 
Traumatic—due to nerve lesion 


| 


No. of | Time since | _ 
Surgical Procedure Cases Injury | 
Pre-operative | Post-operative 
(Hypotropia) ; (Hypophoria) 





Average Measurements 














(1) Myectomy contralateral 1.0. | 
(2) Marginal myotomy _ipso- 2 | 2kyears | 144 | 3> 
lateral I.R. (controlled) | 





Myectomy contralateral 1.0. ... | 2 | 44 months 4-6 @ 





(1) Myectomy contralateral I.O. | 
(2) Marginal myotomy contra-; 1 |= 14 years 25> 
lateral S.R. (controlled) 


® 











PALSY OF SUPERIOR RECTUS 
Due to orbital trauma 
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TABLE VIII 












































Average Measurements 
No. of | Time since | _ pA emi mies thaw ea 
Surgical Procedure Cases Injury | 
| Pre-operative | Post-operative 
| | (Hypotropia) | (Hypophoria) 
| 
Myectomy contralateral I.O. 6 8 months | 8> | ® 
Myotomy contralateral 1.0. ... | 3 19 months | 2 | w 
Recession contralateral S.R._... | | 
Myectomy contralateral 1.0. ... | 2 | 10 months : 20“ | ? 
Resection affected muscle : | 1 | lyear | 254 ® 
Partial tenotomy ipsolateral I.R. | | | | Be, 
Myotomy contralateral I.O. ee ; | 3 months 10“ 2 
Partial tenotomy contralateral S.R. | I | 4 months 24 | ® 
TABLE IX 


PALSY OF SUPERIOR RECTUS 
Due to exophthalmic ophthalmoplegia 





| 


Average Measurements 





























| No of | i 
Surgical Procedure | Cases | | 
| Pre-operative | Post-operative 
| (Hypotropia) _ (Hypophoria) 
| 
Resection affected muscle a. | 2s> re 
Resection affected muscle 1 | 202 | @ 
Recession ipsolateral I.R. | | 
| am 
Resection affected muscle 
Recession ipsolateral I.R. ae ee 37> ® 
Myectomy contralateral I.O. ... | 
(1) { Myectomy contralateral 1.0. | 
Recession ipsolateral M.R. | 1* | 10> 14 
(2) Recession contralateral M.R. | | (and Eso 204 ; (no cycle.) 
(3) J Plication affected muscle | | and Excyclo. 10°) 
‘ Plication ipsolateral L.R.. ... | | 
(1) Recession ipsolateral ° eee | | | qa 1a 
(2) Myectomy contralateral 1.0. } 
Myectomy contralateral I.0. 1 | 20> ® 
| peg 
(1) Resection affected muscle Ber 254 2A 


(2) Myectomy contralatera! 1.0. 





* In this case there was also a palsy of the ipsolateral lateral rectus. 
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same eye may be used, and this usually gives a correction in the primary 
position of approximately 4 or 5 prism dioptres for each millimetre of 
recession. Marginal myotomy of the inferior rectus muscle of the same eye 
is usually carried out with Maddox rod control at the time of operation, 
and can be varied in degree to give any desired effect up to about 5 prism 
dioptres. It is of course essential to carry out such a procedure under 
instillation cocaine anaesthesia only, since any injection of novocaine into 
the muscle or into the retrobulbar tissues will, by causing a temporary 
muscular paresis, jeopardize the effect of the observations. 


In performing such an operation it is best to try to obtain orthophoria 
in depression of the eyeballs. If orthophoria is produced in the primary 
position there is likely to be a vertical deviation of the opposite type to 
that originally present, and a distressing diplopia on looking downwards 
may result. 


TABLE X 
PALSY OF THE SUPERIOR RECTUS 


Of congenital origin 





Average Measurements 


























| No. of | Sp ee Ricwaembas 
Surgical Procedure | Cases | | 
Pre-operative | Post-operative 
| (Hypotropia) (Hypophoria) 
| 
Myectomy contralateral 1.0. ... 29 8> 3 
(1) Myectomy contralateral I.O. | 6 174 3a 
(2) Recession-ipsolateral I.R. ... | 
Myotomy contralateral 1.0. _... bs Peet 1:54 ®@ 
(1) Myectomy contralateral I.O. | 
(2) Marginal myotomy contra-| 2 | 10:5 3: 5> 
lateral S.R. | 
(1) Myectomy contralateral I.O. 2 254 4a 
(2) Recession contralateral S.R. ... | | 
(1) Resection affected muscle _... 1 44 14 
(2) Myectomy contralateral 1.0. | 
(1) f Resection affected muscle ... 
‘\ Myectomy contralateral [.0. | ed 33> | oom 
(2) Tenotomy contralateral L.R. | (Exo 35) (Eso 34) 





(1) Myectomy contralateral I.O. 
(2) Recession contralateral S.R. | 1 24> 0:5 
(3) Tenotomy ipsolateral S.O. 





| 
Recession ipsolateral I.R. sd shel Ae 124 | ® 
| 
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Marginal myotomy of the opposite superior rectus muscle may similarly 
be varied in degree to give any desired effect up to about 5 prism dioptres. 
Resection of the affected superior rectus muscle may be carried out and 
will give about 3 prism dioptres of correction per millimetre of resection. 
In certain cases combinations of operations are indicated, e.g. partial 
myectomy of the contralateral inferior oblique muscle. combined with a 
marginal myotomy of the ipsolateral inferior rectus, or resection of the 
affected superior rectus muscle combined with myectomy of the opposite 
inferior oblique muscle. These different procedures can be carried out in 
sequence so that absolute correction is finally achieved. 





Superior Rectus Palsy due to Exophthalmic Ophthalmoplegia (Table IX).— 
In such cases good results are usually obtained by resection of the affected 
muscle; although in the more severe cases, in which there is an obvious 
contracture of the ipsolateral inferior rectus, a recession of this muscle 
must also be undertaken. 


OPERATIONS FOR PALSY OF THE INFERIOR RECTUS 
(Total cases 10, Tables XI and XII) 


In cases of paresis of the inferior rectus, if there is an obvious torsional 
defect (incyclotorsion) due to overaction of the contralateral superior 


oblique, the surgical treatment should include an operation designed to 
weaken this overacting muscle. The amount of incyclotorsion produced 


by an overacting superior oblique is, however, extremely variable. If no 
incyclotorsion is present, it is usually inadvisable to weaken the superior 


oblique to any extent since such a procedure may cause a discomforting 
excyclotorsion, although no doubt for reasons of adaptability such is less 


likely to inconvenience a child than an adult. 


TABLE XI 
PALSY OF INFERIOR RECTUS 


Due to orbital trauma 


| 





ee: g Average Measurements 
on of ] Time since ETE BS rt a 


Cases { Injury 
\ ) Pre-operative (| Post-operative 
/ / (A ypertropia) (Hyperphoria) 


{ 
} 








Surgical Procedure 








\ 


(1) Recession ipsolateral S.R. ... | 








(2) Partial tenotomy contra- | 1 13 months 104 $ 
lateral S.O. 
Recession contralateral [.R. nes 1 | 4 months e 194 84 
(1) Resection affected muscle... | ee 
(2) Recession contralateral M.R. 1 | 4months | (and Eso 84) | @ 
! ' ' 


) 
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TABLE XII 
PALSY OF INFERIOR RECTUS 
Of congenital origin 





Average Measurements 

















; No. of | SBI 
Surgical Procedure | Cases | 
Pre-operative | Post-operative 
(Hypertropia) (Hyperphoria) 
Advancement affected muscle ...{ 1 | 5> gia 2-5 
Myectomy ipsolateral IO. = ...| 1 | 20+ | 194 
Recession contralateral IR. tg Hes! Se 194 84 
Myectomy ipsolateral 1.0. ed 3° 2> 
Marginal myotomy contralateral | 1 ( M. Wing ) ( M. Wing ) 
S.R. Exo 10¢ L/R 74/XExo 44 L/R 24 





(1) Resection affected muscle... 
(2) *Partial tenotomy contralateral | 








(3) *Further tenotomy  contra- | : ee 55> 2> 
lateral $.R | 
(4) Partial tenotomy contfalateral | 
5.0. 
Recession ipsolateral S.R. ois 1 8 1+ 
Recession ipsolateral S.R.-  @ ... F 164 9a 


Resection affected muscle 





* Necessary because (1) produced an over-effect 


OPERATIONS FOR PALSY OF THE SUPERIOR OBLIQUE 
: (Total cases 85, Tables XIII to XVI) 
Cases of paresis of the superior oblique muscle show contracture of the 


inferior oblique muscle of the same side with a resultant updrift of that 


TABLE XIll 
PALSY OF SUPERIOR OBLIQUE 
Due to 4th cerebral nerve lesion 


| 





Average Measurements 


No, of | | Time since |___ 














Surgical Procedure Cases )} Injury 
| Pre-operative \ } Rostopenetees 
| (Hypertropia ) | (Hyperphoria) 
\ 
Marginal myotomy contralateral | 9 , 22 months cade | * 
Recession contralateral ].R. ... 8 24 years | (34 | 24 
Recession contralateral I.R. 5 | 16 months | ye nes 


Myectomy ipsolatera} J.O. 





Myectomy ipsolateral 1.0. ie ae 4 months | ® 
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TABLE XIV 
PALSY OF SUPERIOR OBLIQUE 


Due to orbital trauma 





| Average Measurements 


| No. of | Time since | 























Surgical Procedure | Cases | Injury | 
| Pre-operative . 
| Geyeaseamient Post-operative 
igs | | 
Recession contralateral 1.R. a.) 4 \ 8 months | 6> i> 
(1) Myectomy ipsolateral 1.0. ... | | | 
(2) Marginal myotomy contra-| 2 | 5 months | 9> 0-5=> 
lateral IR. | | | 
(1) Recession contralateral IR. . Fi | 
(2) Marginal myotomy ipao- ' 1 | 6months | 54 | 0:54 
Jateral 1.0. \ 
} 
Myectomy ipsolateral I.O. .. | 2 | 7 months | cS | 14 
a) Myectomy ipsolateral I.0.... | 
Recession contralateral I.R. | 1 } 
(2) Marginal myotomy __ipso- | 
lateral S.R. bol 19 years | 21° | I? 
Recession ipsolateral S.R. | 
(| Main myotomy contra | 
lateral I.R. | lp | 





eye on full adduction. There is, therefore, a strong temptation to begin 


by carrying out a partial myectomy of the inferior oblique muscle (which 
in Our series gave about 4.5 prism dioptres of correction, or a myotomy 


of the same muscle which gave about 3 prism dioptres of correction). In 
the absence of a specific indication for this operation, such as a gross 


torsional defect due to its contracture (excyclotorsion), or a gross updrift 
of the affected eye on adduction, it is usually wiser, if the vertical deviation 


in the primary position is large, to start by performing a recession of the 
inferior rectus of the opposite eye, which will give an average correction of 


TABLE XV 

PALSY OF SUPERIOR OBLIQUE 
Of indeterminate pathology 

| | 


| Average Measurements 





i No. of | Time since | 
Surgical Procedure Cases | __ Injury | 
| Pre-operative | Post-operative 
| (Hypertropia) | | 








Myectomy ipsolateral 1.0. sass 1 | 6 months | 11-5> ® 
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TABLE XVI 
PALSY OF SUPERIOR OBLIQUE 
Of congenital origin 


| 





Average Measurements 























: No. of 
Surgical Procedure Cases | 
Pre-operative \ Post-operative 
| (Hypertropia) (Hyperphoria) 
Myectomy ipsolateral 1.0, * | 10 | 134 | 1:5 
(1) Recession contralateral 1.R. | 8 \ 182 | 274 
(2) Myectomy ipsolateral I.O. ... | 
Marginal myotomy contralateral | 5 | 6-5> | 14> 
.R, 
Recession contralateral I.R. ... | 10 | 144 | 2> 
(i) Myectomy ipsolateral L.O. ... | | 
(2) Marginal myotomy contra-| 2 | 10 G54 
lateral IR. 
(1) Myectomy ipsolateral 1.0. ... | | 
(2) Marginal myotomy _ipso- | { 
lateral S.R. eae Tad 20> | 27> 
(3) Marginal myotomy contra- | 
lateral I.R. z 


4 or 5 prism dioptres for each millimetre of recession, and to perform 
subsequently a myectomy of the ipsolateral inferior oblique, if necessary, 
to correct a residual angle of deviation. This is especially true in cases of 
acquired palsy. In cases of congenital origin, the updrift is usually marked 
and an inferior oblique myectomy by itself gives, in most cases, an excellent 
result. A marginal myotomy of the opposite inferior rectus can give a 
correction of 4 to 7 prism dioptres. Marginal myotomy of the ipsolateral 
superior rectus can give a correction of up to 8 prism dioptres. Combined 
operations give a larger effect. 





OPERATIONS FOR PALSY OF THE INFERIOR OBLIQUE 
(Total cases 13, Tables XVII and VXIII) 


The most satisfactory results are obtained in cases of paresis of the 
inferior oblique from a recession or marginal myotomy of the opposite 
superior rectus, the former procedure giving an average correction of 
3 to 4 prism dioptres from each millimetre of retroplacement while the 
latter even if pushed to extremes cannot give a total correction of more 
than 4 or 5 prism dioptres. Recession of the opposite superior rectus, 
combined with a partial myectomy of the opposite inferior oblique can 
give about 12 prism dioptres of correction. 
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TABLE XVII 
PALSY OF INFERIOR OBLIQUE 
Due to orbital trauma 









































Average Measurements 
| No. of | Time since 
Surgical Procedure | Cases | Injury 
Pre-operative | Post-operative 
(Hypotropia) | (Hypophoria) 
| 
Marginal myotomy contralateral 2 | 34 months 22 0:25> 
S.R. 
| | 
(1) Recession contralateral S.R. | | 
(2) Partial myectomy contra-| 1 | 6 months 20> 1-5 
lateral 1.0. ; | ee 
Recession contralateral S.R.... 1 3 months 22 ® 
i | 
(1) Partial tenotomy contra- | | 
lateral S.R. | 1 | 4months 144 2° 
(2) Partial myectomy contra- | 
lateral 1.0. | 
TABLE XVIII 
PALSY OF THE INFERIOR OBLIQUE 
Of congenital origin 
| Average Measurements 
| No. of | i Proce 
Surgical Procedure Cases | | 
| Pre-operative | Post-operative 
(Hypotropia) | (Hypophoria) 
Recession contralateral S.R. ... 6 144 | 45 
(1) Recession contralateralS.R. |; | 02 1-54 


(2) Myectomy contralateral I.O. | 





(1) Recession contralateral S.R. | 
(2) Myectomy contralateral I.O. | 1 25> 
(3) Tenotomy ipsolateral S.O. ... | | 


I= 





OPERATIONS FOR PALSY OF MORE THAN ONE EXTRINSIC OCULAR MUSCLE 
(Total cases 5, Table XIX) 


Operations for palsy of more than one of the extrinsic ocular muscles 
are planned on general principles. An example of a case of exophthalmic 
ophthalmoplegia in which the superior and lateral rectus of the same eye 
were both involved is mentioned in Table IX, and Table XIX refers to cases 
of orbital trauma in which two muscles were affected. The treatment of 
such cases presents no particular problem and the results may~be as 
satisfactory as those in which only one muscle is involved. 
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' TABLE XIX 
PALSY OF SEVERAL MUSCLES 


Due to orbital trauma 
































Measurements 
Muscles | No. of |} Time 
Involved | Surgical Procedure | Cases | since 
operative | operative 
R.L.R. (1) R.ILR. resection... od 
R.S.O. (2) R.I.O. myectomy ... oes 1 14 years | R/L 36> ® 
(3) L.LR. recession... vad Exo 7> 
L.S.R. (1) L.S.R. plication... ae 1 4 months | R/L 16* | R/L $+ 
L.S.O. (2) L.I.R. marginal myotomy ... Eso 10> 
(3) R.I.O. myectomy ... oe is ie 
L.LR. (1) L.LR. resection ... Pa 1 3 months | L/R 18 | L/R 1+ 
L.L.R. (2) R.M.R. recession ... oe Eso 8 | Eso 2+ 
R.LR. (1) R.LR. resection ... —... 
R.M.R. | (2) R.M.R. resection ... “xe 1 6 years | R/L 15> ® 
(3) L.L.R. tenotomy ... vie Exo 28 | 
L.LR (1) R.LR. marginal myotomy... 1 7 months| L/R 4¢ | R/L 1* 
L.L.R | (2) L,.L.R. resection ... Ant Eso 4> 











OPERATIONS FOR PARTIAL 3RD CEREBRAL NERVE PALSY 
(Total cases 3, Tables XX to XXII) 


Special mention must be made of cases of partial 3rd cerebral nerve 
palsy. We have only operated upon three cases, but all gave satisfactory 
results. Two cases were of traumatic origin, in one of them there was a 
complete 4th cerebral nerve palsy also. The third case was one. of 
congenital origin. 


The affected eye in cases of partial 3rd nerve palsy shows grossly 
defective elevation, defective depression, and defective adduction because 
of the involvement of both elevators (the superior rectus and the inferior 
oblique), one depressor (the inferior rectus), and the adductor (the medial 
rectus). There is also usually a slight degree of ptosis. The affected eye 
is deviated outwards and slightly downwards. In such a case it is quite 
obvious that no attempt to improve the power either of elevation or of 
depression in the affected eye by operating upon it will give a satisfactory 
result, since any improvement in the one movement will result in a greater 
defect in the other. Therefore, the best procedure is to weaken the 
corresponding movements of the unaffected eye. This essentially consists 
of a recession of the superior and of the lateral rectus. Although in such 
a case one cannot hope to restore binocular single vision in all directions 








TABLE XX 
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PALSY OF LEFT 3rd CEREBRAL NERVE 
Traumatic—due to nerve lesion 


























Measurements 
Time since | a 
Surgical Procedure Injury 
Pre-operative Post-operative 

Recession contralateral superior 

rectus 7 mm. | |gyears | R/L 20+ € 
Recession contralateral lateral rectus | Exo 124 

7mm. 

Marginal myotomy contralateral - 

S.R. | 14 years R/L 25> ® 
Myectomy contralateral I.0. | Exo 4+ 

TABLE XxXI 


PALSY OF RIGHT 3rd CEREBRAL NERVE AND 
RIGHT 4th CEREBRAL NERVE 


Traumatic—due to nerve lesions 








Measurements 
Time since ‘ EEE Se ae ea 
Surgical Procedure Injury os | 
| Pre-operative Post-operative 
| | 
Recession contralateral inferior | | 
rectus | 
Recession contralateral lateral | | 
(1) rectus 
Myectomy ipsolateral inferior | 14 years | R/L 124 | R/L 2+ 
oblique Exo 124 |  Excyclo. 2° 


Myectomy contralateral inferior 
oblique (to overcome ex- 
cyclotrosion 12°) 

Re-recession contralateral 
lateral rectus 


(2) 





In this case the affected (right) eye (in which there was also an ipsolateral 4th cerebral nerve palsy) 
In consequence in the primary position 


showed a much greater defect of depression than of elevation. 


the vertical deviation was one of right hypertropia. 


of the gaze, one can, at all events, restore a reasonably large area of 
binocular single vision in the central part of the binocular field. 


It should be explained that.the measurements of deviation refer in 
all cases to the primary position, and are made with the patient’s 


head in the €rect position (or in the case of a patient showing congenital 
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TABLE XXII 
PALSY OF RIGHT 3rd CEREBRAL NERVE 


Of congenital origin 





Measurements 





Surgical Procedure 
Pre-operative | Post-operative 





(1) Recession contralateral S.R. cha acl 

Myectomy contralateral I.O. Se scant L/R 144 
(2) Tenotomy ipsolateral S.O. aS pha 
(3) Plication contralateral I.R. 


| 





ocular palsy with a compensatory head posture, as erect as the 
secondary anatomical changes in the musculo-skeletal system permit). 
The Maddox rod is used with a spotlight situated at a distance of 6 m. 
In the lateral directions of the gaze in the case of palsy of the 
horizontally acting muscles, and in the vertical and lateral directions 
of the gaze in the case of the vertically acting muscles, there may be 
a considerable increase or decrease in the angle of deviation. This 
may be affected in such a way as to produce the opposite type o 

deviation if too much is attempted at one operation. It is desirable 
to bear this in mind and try to produce as symmetrical a result as 
possible, so that parallelism of the visual axes shall be obtained if 
possible in all directions of the binocular gaze, or at all events over 
a wide central area of the binocular field, including the lower part. 


DISCUSSION 


The reports of the case results show that many combinations of 
surgical procedure may be required in the treatment of cases of 
paralytic strabismus. Further, the results of similar surgical pro- 
cedures are by no means uniform. These facts illustrate the essential 
point which must be remembered that the fullest consideration must 
be given to the treatment of each individual case in order to plan the 
surgical sortie, or sorties, if successful results are to be obtained. 
It is recognized in the surgical treatment of the extrinsic ocular 
muscles that the results of a particular surgical procedure are never 
accurate and definite. The figures which we record as average results 
of the various operations can be regarded as no more than a general 
guide to the correction to be obtained in any particular case, and 
experience will teach how they can be applied. Each case must be 
individually assessed before operation and between the various stages 
of operation. 
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The opinion still persists among many ophthalmologists that little 
can be done for cases of paralytic strabismus, and that it is not worth 
while embarking on surgical treatment for this condition. It is our 
considered opinion, however, that the majority of patients suffering 
from ocular palsy can be helped materially, and indeed many of 
them can be restored to a state of orthophoria in the primary 
position, and to binocularity within most of the visual field. 


We are indebted to Mr. E. R. Alexander for preparing the diagrams, to Miss Jean 
Anderson for help in compiling the tables, and to Messrs. Bailli¢re, Tindall, and Cox 
for permission to use the block in Fig. 10. 
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AUREOMYCIN IN TRACHOMA * 
BY 


J. W. R. SARKIES 
Gold Coast Hospital, Accra. 


REPorTS on the treatment of trachoma with aureomycin are still 
limited in number, and opinions on the efficacy of the drug in this 
condition are conflicting. Moutinho and others (1949) and Duke- 
Elder, Ainslie, and Boase (1950) gave favourable reports; Boase 
(1950) in a second report considered that the effect was no more than 
ameliorative, and this view has been supported by Shah (1951), using 
retrogression of pannus as a criterion of cure. 


In the Gold Coast, trachoma appears to run a relatively benign 
course compared with the disease as I have seen it in India and 
Burma; amongst the people of the humid forest and coastal areas 
it is largely self-limiting. 


MATERIAL 


The following series of 62 cases was drawn from patients presenting 
themselves for treatment, with symptoms of a varying degree of secondary 
infection. Of these cases, 31 (Series A) were treated with aureomycin 
and the other 31 (Series S), as controls, with sulphadiazine, the two 
methods of treatment being employed alternately; all had typical pannus 
and this was regarded as a diagnostic necessity, conjunctival scrapings 
were not examined for inclusion bodies. 


THERAPY.—In Series A, cases were admitted to hospital and crystalline 
aureomycin ointment 0.1 per cent. (Lederle) was inserted under the upper 
and lower lids six times daily; in two of this series aureomycin was also 
given by mouth, the dosage being 1.5 g. daily for 5 days. 

In Series S, a 30 per cent. sulphadiazine ointment was inserted in the 
same way but only once daily, and this group was not admitted to hospital. 
In all cases the tarsal conjunctiva and cornea were examined with slit lamp 
and corneal microscope before and after treatment, progress being 
assessed by appearance of the follicles, development of scar tissue, retro- 
gression of pannus, and relief of symptoms. 





* Received for publication March 29, 1951. 
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§ Onchocerciasis. 


* Entropion. 


BIOSs scarring with lid deformity, 
symptoms of marked photophobia, 


lacrimation, 


severe irritation, 


ptosis. 


+ Requested discharge. 


RESULTS.—These are summarized for individual cases in Tables J and J], 
symbols being used as follows: 


+4 + Gross follicles covering most of the tarsal conjunctiva and easily visible to 
the naked eye, 
pannus involving at least half the cornea, 


Gross follicles visible to the naked eye, but confined to part of the con- 


junctiva only, ‘ 
pannus extending more than 3 mm. into the substantia propria. 
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TABLE II 
SERIES S—SULPHADIAZINE THERAPY 
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+ Did not attend, 


° irena 


pannus invading less than 3 mm. into the cornea, 


minor symptoms of grittiness of the lids, 


some scarring visible to the naked eye, 
slight lacrimation. 
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+ Granular conjunctiva or microscopic follicles only, 


DISCUSSION 
Symptomatic relief was noted in all cases which were not compli- 
cated by entropion, but was rather more marked and rapid in 





Series A; similarly, the reduction in the number and size of the 
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follicles was more dramatic with aureomycin. In neither series was 
there any retrogression of pannus during the course of treatment, 


but in Cases A7, A20, A26, §6, and $7, which I have been able to 


follow up for periods up to 3 months, there has been some reduction 


in the calibre of the vessels though not in the exten} of cornea 
involved. in Case Ail the right cye was treated with aureomycin 


and the left with sulphadiazine, each six times daily. Three months 
after treatment the condition of the two cyes was identical, the 


appearance being that of inactive trachoma. 
improvement in both series appeared to be due to the relief of 


secondary infection and not to cure of the trachoma. It was not 
possible to infer that scarring was less during treatment with 


aureomycin than with sulphadiazine. 


TABLE III 
ASSESSMENT OF IMPROVEMENT IN SERIES A AND S 








Improvement 
Therapy Seer mPa RON ee | Late ar and 1 Slight 
Follicles | Symptoms | Pannus 
Aureomycin... 1... wn | 22 28 | 3 
Sulphadiazine me Me os 1S 23 \ 2 





Taking into consideration only those findings which can be 
regarded as definite, the results of treatment in the two groups are 
summarized in Table 111. 


SUMMARY 


The results of treatment of trachoma with aureomycin and 
sulphadiazine are compared in a total of 62 cases. 

The slightly greater efficacy of aureomycin appears to be due 
rather to a wider antibiotic range against secondary invaders, than 
to a specific effect on the trachoma virus. 


lam indebted to Dr. R. L. Cheverton for permission to publish this report and to 
The American Cyanamid Co., for presenting supplies of aureomycin. 
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AN ELECTRON-MICROSCOPIC STUDY OF THE 
INFECTIVE AGENT OF TRACHOMA‘ 


BY 


YAEJI ITO, TAISUKE ITO, anp YOSHIKUNI SASAKI 


Department of Ophthalmology, Chiba University, Japan 


WHILE there is good reason for the belief that trachoma is due to a 
virus infection, the exact nature and structure of the virus is still 
a matter of conjecture. Attempts have been made to incriminate both 
bacteria and Rickettsiae as well as viruses as the cause of trachoma, 
but with the exception of the Halberstaedter-Prowazek bodies 
discovered in 1907 (Halberstaedter and Prowazek, 1910), no infective 
agent has been found to be constantly associated with the disease. 

Since the discovery of the Halberstaedter-Prowazek bodies (H.P.K.) 
the most important investigations have been filtration experiments, 
such as those of Thygeson and others (1935) and Julianelle and 
Harrison (1935), which demonstrated that the infective agent was 
associated with a particle of about 0.254 size. They considered 
that this infective particle was the elementary body seen in the H.P.K. 

Neither elementary bodies nor H.P.K. can be demonstrated in all 
the tissues in which trachomatous changes occur. Recently a 
number of workers, such as Mori (1950), have again brought forward 
the idea that H.P.K. are purely reaction products not associated 
with any specific virus. . 

This paper reports the occurrence in trachomatous tissues of 
bodies, which we have provisionally named “Z” bodies. These 
bodies have been studied by electron-microscopy and have been used 
in infectivity experiments. We have been able to show that they are 
present only in trachomatous tissue and are not found in similar 
material from persons not suffering from trachoma. 


MATERIAL AND METHODS 
The following tissues have been used for the isolation of ** Z” bodies: 
(1) Conjunctival washings of trachoma, Stage Ila, showing a marked inflammatory 


reaction. 
(2) Conjunctiva excised from all sites-in cases of trachoma, Stage Ila. 


(3) Palpebral conjunctiva from trachoma, Stages I to III.. 
* Received for publication March 27, 1951. 
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(4) Pannus from trachoma, Stage III. 
(5) Tissue from chronic dacryocystitis associated with trachoma. 
(6) Upper tarsus in trachoma, Stage III. 


Conjunctival washings are made by repeatedly washing the conjunctival 
sac with up to 10 ml. physiological saline. Tissues are excised, ground in 
a mortar, and made up to 10 ml. with saline. 

The material, either washings or emulsion, is brought up to pH 7.8 with 
phosphate buffer and centrifuged at 3,000 revolutions per min. for 10 min. 


Supernatant fluid from the centrifugalization is now treated by the 
technique described by Hasumi (1950) for the isolation of sarcoma virus. 
This consists of a preliminary filtration through a column of refined 
asbestos 2 cm. in height and | cm. bore under a negative pressure of 
20 mm. Hg. The asbestos should be packed so that the rate of flow is 
7 to 8 drops a minute.- The material clarified by the preliminary filtration 
is drawn through a chromatographic column 20 x 1 cm. in size composed 
of active kaolin. The column is packed in a glass tube plugged at either 
end with absorbent cotton. Negative pressure is used to draw the material 
through the column. 

All apparatus is steam sterilized before use. 

When adsorption of material on the column is completed, the ciliaiin 
is pushed out of its glass tube and cut into small sections. Each section 
is broken up in 2 ml. saline at pH 6.0, and centrifuged to remove kaolin 
(3,000 r.p.m. for 10 min.). After centrifuging, the supernatant fluid is 
used for the preparation of films for electron-microscopy. 





Fic. 1.—Electron-microscope photograph of “* Z”’ bodies. 
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RESULTS 


In the first 4 cm. of the column, round or oblong particles are 
found. These particles (shown in Fig. 1) are usually from 60-250 my 
diameter but their range is from 20-300 my. A histogram of sizes of 
these particles gives the mode as lying at 180 my (Fig. 2). 
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DIAMETER OF PARTICLES 
Fic. 2.—Histogram showing distribution of particle sizes 


(CI single type 
combined type (two particles) 
Wl combined type (more than three particles) 


No similar particles could be found in tissues, taken from the 
corresponding areas, and treated by the same technique, from persons 
not suffering from trachoma. 

The electron-micrographs show that, while most of the particles are 
single, several show two or three particles joined together and 
occasionally a single particle may have a protrusion at one point. 
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Fic. 3.—‘* Z’’ bodies showing plasmoid capsule. 


Fig. 3 shows the “ Z ” bodies together with a surrounding envelope. 
This envelope can only be found immediately after the isolation of 
the bodies from the chromatographic column for they disappear if 
the material is allowed to stand. The bodies can be more readily 
seen if the kaolin is broken up in distilled water instead of buffered 
saline. The sizes of bodies and envelope can be estimated and 
averages 590 mu. The envelope is similar to a structure seen 
around the particles of the psittacosis virus, to which group of viruses 
it is thought that the trachoma virus may belong. 


We call the main mass of the particle the nucleoid body, and the 
envelope the plasmoid capsule. Plasmoid capsules can be seen 
around “ Z” bodies of from 110 mz upwards, but are best seen in 
those over 150 mu; it seems that they increase in size proportionately 
with an increase in size of the nucleoid body. The smaller “Z” 
bodies, when stained by Giemsa’s stain, were eosinophilic, while the 
larger particles stained more intensely and were basophilic. This 
staining resembles that of the elementary and initial bodies of H.P.K. 
respectively. If the plasmoid capsule was destroyed the bodies 
could not be stained by Giemsa’s stain. 

The multiple bodies seen in the pictures of “ Z” bodies are often 
composed of different-sized particles, and by measurements we 
estimated the ratios of their cubic volume. Using these measure- 
ments we divided the multiple bodies into four groups: 
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(a) both particles the same size, 

(5) smaller particle more than half as big as the larger, 

(c) smaller particle less than half as big as the larger, usually with two particles 
combined, 

(d) types in which there is a protrusion of material at some point, but no separation 
into two distinct particles. 

It seems that these differing bodies represent stages in the multi- 
plication of the virus; the first process is a germination to form a 
(d) type, which then increases until the (c) and (b) types are formed. 
At some point in the development of (c) and (5), fission occurs to 
form a fresh particle. The smallest fission particle which has a free 
existence is about 60 mu diameter. 


TRANSMISSION EXPERIMENTS 


Five human volunteers were infected with material containing 
““Z” bodies, Case 1 with material passed through the preliminary 
filter only, and Cases 2-5 with material collected by the chromato- 
graphic column. 


Cases 1, 2, and 3 developed trachoma, Case 4 developed trachoma 
only after a second inoculation, and Case 5 did not “ take” after 
two inoculations. 


The inoculum was applied in two forms; first a few drops of the 
suspension was placed in the conjunctival sac, and a few minutes 
later a suspension of the “ Z” bodies in equal parts of anhydrous 
lanoline and vaseline was applied to the conjunctiva with a glass rod. 


The results of inoculation may be summarized as follows: 


(1) Latent Period before Symptoms.—For Cases 1 and 2 this was 
4 days, and for Cases 3 and 4 it was 3 and 5 days respectively. The first 
sign of infection was conjunctival congestion. 


(2) Subjective Symptoms.—A sensation of grittiness and conjunctival 
irritation was experienced from the 3rd or 4th day. There was a gradual 
increasing serofibrinous discharge and this eventually became purulent. 
Photophobia only occurred if there were complications. 

(3) Conjunctiva of Lids and Fornix.—Congestion started on the 3rd to 
the Sth day, and between the Sth and 10th days papillary hypertrophy 
developed at both inner and outer canthus. This spread diffusely over the 
lids between the 12th and 20th days. 


(4) Pannus.—This developed on the 21st day in Cases 1 and 2, and on 
the 19th day in Case 4. 


(5) Ptosis of the Lid——This was seen in all cases. 


(6) H.P.K.—These were first found on the 6th day in Case 4. Case 1 
did not develop them until the 13th day. 


(7) Bulbar Conjunctiva.—This displayed the trachomatous response 
described by It6 and Yu (1951). 
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Cases were observed for varying periods, depending on the sub- 
‘ective symptoms in the volunteers. Treatment was 10 per cent. 
Marfanil ointment, which brought symptomatic relief with dis- 
appearance of H.P.K. 





‘“*Z”’ BODIES IN TRANSMISSION EXPERIMENTS.—‘‘ Z”’ bodies were 
demonstrated in all the material inoculated and were found in those 
volunteers who developed symptoms (Cases 1-4), but could not be 
demonstrated in Case 5 which did not develop clinical trachoma. 
The “‘ Z” bodies shown in Fig. 4 are from one of the volunteers. 
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Fic. 4(a).—Fission in ‘‘ Z” bodies. Fic. 4(b).—Key to 4(a). 
F—Product of fission. 
DISCUSSION D—Small free forms. 


G—Germination of particle. 
N—Nucleoid body. 


Filtration experiments have shown that —P-Plasmoid capsule. 

P > . , c, d—Types of daughter particle. 
particles down to 0.25 were infective, 
except in the experiments of Braley (1949), 
which suggested that particles from 100-200 my might be infective. 
All these experiments showed a marked drop in the infective titre of 
material after filtration, a finding which could be explained by 
inequality of particle size, and in these electron-micrographs “ Z ” 
bodies can be shown to vary in size. This inequality of particle size 
could only be demonstrated by some method of isolation, such as 
adsorption in a chromatographic column, which is dependent upon 
properties other than size for isolation. In a chromatographic 
column localization is due to the similarity of adsorption character- 
istics of the adsorbed substance, and is independent of size. 

The sizes of particle isolated by our technique vary from a size 
suggestive of initial bodies down to 60 my or particles of 
approximately one quarter the size of elementary bodies estimated 
by microscopy and filtration. 
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A number of the particles can be shown to possess an envelope 
which we have called the plasmoid capsule. This may be similar to 
the envelope which has been shown to surround the elementary body 
of the psittacosis virus. Unfortunately, it has not been possible to 
demonstrate whether the infective nature of the material is dependent 
upon any single size of particle or whether the presence of a plasmoid 
capsule plays any part in infectivity. 

Study of the electron micrographs suggest that the virus grows by 
germination, and that the material that buds out is separated from 
the parent body by fission when the daughter particle reaches a 
diameter of about 60 my or greater. Groupé and Rake (1947), 
working with fowl pox, and Heinmets and Golub (1948), working with 
psittacosis, have suggested that fission in viruses may occur. We 
believe that the only explanation of the micrographs is that such 
fission occurs. Fission seems to be associated with the plasmoid 
capsule; if this is the case, only those particles with the plasmoid 
capsule could propagate, which would mean that virus multiplication 
would be restricted to elementary and initial bodies. This might 
well be so, since “‘ Z” bodies are found in those cases which have 
H.P.K., and infection.of volunteers with “ Z” bodies leads to the 
formation of H.P.K. in the conjunctival epithelium. 


SUMMARY 


Electron-microscopy has shown a pleomorphic particle associated 
with tissues infected by trachoma. These particles, which have been 
called ‘* Z ” bodies, consist of a central mass, a nucleoid body, and 
an envelope or plasmoid capsule. 


Multiplication of “‘ Z ”’ bodies is by fission. 


““Z” bodies are capable of causing trachomatous infection in 
human volunteers. 
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RETINAL MICRO-ANEURYSMS IN CONNECTION 
WITH GENERALIZED DISEASES CAUSING 
RETINOPATHY* 


BY 


R. SYSI 
From the Patho-Anatomical Institute, University of Helsinki 


ARTERIOSCLEROSIS, nephrosclerosis, nephritis, and diabetes give rise 
to clinical pictures in the retina which may so closely resemble each 
other that it is sometimes impossible to differentiate between them 
ophthalmoscopically. The aetiology of these retinal diseases has 
been the subject of much study and the numerous theories have 
recently been reviewed by Ayoub (1950). Among the oldest is that 
of von Graefe and Schweigger (1863) who believed that renal retino- 
pathy is simply part of the general disease of the vascular system. 
Duke-Elder (1940) states that most pathologists would prefer to 
assume the presence of two factors: 


(1) hypertension with ischaemia and subsequent malnutrition, 
(2) the effect of some toxin or toxins unknown. 


The existence of a toxin causing hypertension (renin) was established 
by Tigerstedt and Bergman (1898). 

Especial attention has been given in recent years to diabetic 
retinopathy. Franceschetti and Streiff (1939), Hanum (1938), 
Ballantyne (1946), Radnét (1948), Appel (1950), Martensson and 
Palm (1950), and others, declare that hypertension, although a 
frequent accompaniment of diabetic retinopathy, is not an essential 
factor in its aetiology. Ballantyne (1946) and Gartner (1950), 
among others, point out the inefficacy of insulin in the treatment of 
retinopathy. 

Retinopathy is attributed by Smith (1950) to capillary dilatation, 
and by Pines (1950) to a toxin affecting mainly the capillaries 
and the venous system. 

Interest was aroused in the retinal changes caused by diabetes 
when Ballantyne and Loewenstein (1944) demonstrated the existence 
of micro-aneurysms by new techniques they had developed. : A 
number of ophthalmologists studied these formations in the retinal 
capillaries. Ballantyne (1945) noted their occurrence as primary 


signs of diabetes, Friedenwald (1949, 1950) found the aneurysms very 


* Received for publication April 6, 1951. 
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frequently in diabetic patients but rarely in other diseases. Ashton 
(1949) established the formations as true aneurysms and studied the 
problem more widely in other respects. Day (1950) rarely found 
them apart from diabetes; he sometimes noted an isolated aneurysm 
in hypertension. Becker and Post (1950) saw them in association 
with stasis in the central vein. Ashton (1950) searched for 
aneurysms in other tissues of the eye and in other organs; apart from 
their probable existence in the glomerulus affected with Kimmelstiel- 
Wilson’s disease (Kimmelstiel and Wilson, 1936), he found them 
confined to the retina, none being revealed even in the serous 
membranes of the body. Day (1950) and Friedenwald (1950), on 
the other hand, saw aneurysms in the capillaries of the fingernail 
folds of diabetics ; McCulloch and Pashby (1950) discovered 
aneurysms in the conjunctivae of diabetic patients and considered 
them as part of the disease process, but Vogt (1941) found them 
relatively frequently in the conjunctivae of elderly people. 
Micro-aneurysms have, therefore, been found occasionally in 
diseases other than diabetes, but no systematic research on the 
subject has yet been reported. The present paper attempts to throw 
light on the question of the incidence of aneurysms in other general 
diseases which, like diabetes, are associated with retinopathy. 


METHODS AND MATERIAL 


One hundred and forty-three pairs of eyes, taken from paraffin wax blocks, were 
studied. The condition of the material made it impossible to use the injection 
techniques of either Ashton (1950) or Michaelson and Steedman (1949). The retinae 
were removed from the eyes and stained by the method of Hotchkiss (1948) and 


McManus (1946, 1948), as described by Friedenwald (1949). In some cases, by means 
of section preparations, the retinal lesions were shown to be true aneurysms. The 
retinae flattened on the glass slides were detached again and placed in paraffin wax 
according to the simplified technique of von Fieandt and Saxén (1932, 1936): 

A glass cylinder is glued onto a glass slide, thus forming an embedding cup, into the 
bottom of which the retina is pressed flat with a pad. It is kept in this position and 
embedded in wax; the glass slide may then be detached and the block pressed out 
from the cylinder. 

The retina is now flat on the surface of the block and may quite easily be cut into 
thin sections parallel with the surface. y : 3 : : 

Since the series contained only a few diabetic retinae, and in view of the fact that 
much work has already been done upon this subject, I shall not discuss this disease in 
connection with my own series. : f ta 

The classification into arteriosclerosis, nephrosclerosis, and nephritis, was made on 
the basis of the clinical picture and post-mortem findings. Complete autopsy was 
carried out in each of the cases. A control series of patients, in which there was no 


evidence either clinically or at autopsy, was introduced for comparison (see Table). 


RESULTS 


It should first be noted that, in the series, aneurysms occurred in 
patients with arteriosclerosis, nephrosclerosis, and nephritis. The 
incidence of micro-aneurysms in these cases will be discussed later. 





Fic. 1._Numerous retinal micro- Fic. 2.—Retinal micro-aneurysms in a 
aneurysms in a 60-year-old arterio- 59-year-old nephrosclerotic patient. In 
sclerotic patient. No nephrosclerosis the circle a varicose vascular dilatation 
revealed at autopsy. x72. may be seen adjacent to a spherical 


aneurysm. X72. (Cf. Fig. 4.) 


Fic. 3.—Spherical retinal aneurysms in Fic. 4.—Spherical and elongated vari- 


a 65-year-old nephrosclerotic patient. cose capillary aneurysms in the retina 
x 360. of . 50-year-old nephrosclerotic patient. 
wK e 


Fig. 1 shows a number of micro-aneurysms of different sizes in a 
case with established generalized arteriosclerosis but no renal lesion. 
The aneurysms in Figs 2 and 3’ are from nephrosclerotic patients. 
Fig. 4 shows the same lesions as Fig. 2 in higher magnification and 
Fig. 7 shows them in section. Retinal micro-aneurysms from a 
patient with nephritis are seen in Figs 5 and 6, the same lesions being 


shown in section in Fig. 8. 

Two main types of aneurysms were noted: a localized spherical 
type (Figs 1, 2, and 3), and an elongated, fusiform, varicose type 
(Figs 2, 4, and 7). There is no discernible difference between the 
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Fic. 5.—Retinal micro-aneurysms ina Fic. 6.—Higher magnification of the 


24-year-old nephritic patient. Higher area within the circle in_ Fig. 5. 
magnification of the area inside the Aneurysms occur at points of capillary 
circle is shown in Fig. 6. X72. bifurcation and also between them. 
3 x 360. 





Fic. 7.—Retinal micro-aneurysms in Fic. 8.—Retinal micro-aneurysms in 
section, from a 59-year-old nephro- section, from a 24-year-old nephritic 


sclerotic patient. X 360. patient. x 360. 
aneurysms occurring in the different diseases. They occur both at 
the points of vascular bifurcation and between them. 

The case of a 24-year-old patient with renal disease, who exhibited 
a large number of micro-aneurysms in the retinal vessels, is seen in 
Figs 5, 6, and 8. Generalized arteriosclerosis would be most 
improbable at this age and, in fact, neither the autopsy nor 
sections made from different parts of the eye revealed evidence of 
arteriosclerosis ; nor were there any clinical or post-mortem findings 
to suggest diabetes. 


As the Table (overleaf) shows, no aneurysms were found in the 
control material (51 cases), but they occurred in all the other 
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TABLE 
CONTROLS AND PATIENTS, BY AGE GROUPS 









































| y | | 
AgeGroups ... sod aa ees ai gn ale es le ia 
as 3 hoes cee 
Control _ | Aneurysms Sos Soa lesen bens i fe ee = | san 
Material | Total patients) 2} 6 | 8 {11 |16 | 8 |— |— | 51 
| BARES a Bee | 
Generalized _ |Aneurysms |—|— |— | 5 | 3] 1] 1 tat ” 
en een |) — | | 916 |e] s |e te 
Nhe (at | |e] [spe 
Nephrosclerosis_|_ ——— ——- —— ———. —— —— —_— ——_ —__ —_ 
| Total patients} —|— |— | 2 | 14 Paes} 2 | 47 
Aneurysms |—| 1 | 2|1|2/2]1j|—]| 9 
Nephritis BE 0 0 AS gms tars —— 
| Total patients} —| 3 | 4 | 4/6/]3 }]2|— | 22 
| | | | | | | | 
Total Aneurysms .. ..{—| 1 | 2|6 |u| 9] 7 | 1 3 
22 bes & | 22 | 3 us 


Total Patients a ee a 9 | 12 





groups and their frequency varied with the age cf the patient. For 
the separate diseases there was a similar frejuency, just below 
40 per cent., but no exact incidence can be established from such a 
small series. Friedenwald (1950) found 43 cases with aneurysms 
among 76 diabetic patients studied: the frequency would thus be 
somewhat greater in diabetic patients (about 55 per cent.), but here 
again the material is too small for any accurate calculation of the 
percentage. It is clear, however, that there is a similar frequency of 
aneurysms in patients with arteriosclerosis, nephrosclerosis, nephritis, 
and diabetes, although diabetic patients seem to have them more 
often than the rest. 

In the present material, generalized arteriosclerosis occurred only 
over the age of 41 years. In a previous study (Sysi, 1949), arterio- 
sclerosis was seen earlier in patients with nephritis, in the age group 
31-40. Nephrosclerosis, on the other hand, was very rare in 
patients under 51 (only two cases), but the number of cases increased 
rapidly after that age. Cases of nephritis were evenly distributed 
between 16 and 80 years of age. 

In comparing the frequency of aneurysms in the different disease 
groups, they were noted more frequently in cases with arteriosclerosis 
in the younger age groups and their incidence diminished with 
advancing age. In the younger age groups of patients with generalized 
arteriosclerosis, aneurysms were found more commonly than in the 
corresponding rephrosclerotic group, in which aneurysms appeared 
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at a greater age and were fairly equally distributed in different age 
groups. In the oldest age group the frequency of aneurysms is thus 
greater for nephrosclerotic than for arteriosclerotic cases. 

In the group of nephritic patients an approximately equal number 
of aneurysms was noted in the different age groups. 


DISCUSSION 


The above findings, together with some views expressed in the 
literature, induce me to bring forward some theories as regards the 
diseases with which we are dealing at present. 

Ballantyne (1945) noted that aneurysms may be the earliest retinal 
sign of diabetes. According to Ashton (1949), diabetic changes in 
the retina often precede the intercapillary glomerulosclerosis 
of Kimmelstiel and Wilson (1936). We found a greater incidence of 
aneurysms in arteriosclerotic patients of the younger age groups than 
in those of the older age groups, and the reverse relationship in 
patients with nephrosclerosis, which may be taken to imply that the 
aneurysms of arteriosclerotic patients indicate a development of the 
disease into nephrosclerosis. This theory, which cannot be proved 
within the scope of the present material, will be studied further by 
subjecting the retina to microscopy with a slit lamp, in vivo. 

The retinal changes are caused by or associated with three diseases 
which sometimes closely resemble each other. The three diseases, 
namely, nephritis, arteriosclerotic contracted kidney, and diabetes, 
are also accompanied by other common or closely related signs, such 
as vascular changes, hypertension and renal disease (nephrosclerosis 
and intercapillary glomerulosclerosis). Recent research, Rintelen 
(1939) and Sysi (1949), for example, has disproved earlier views that 
vascular changes in the retina necessarily imply disease in the vessels 
of the brain, although it has confirmed the theory that renal and 
retinal vascular changes are closely inter-related. 

The old view that diabetic and renal retinopathy originate from 
renal disease was last put forward by Redslob (1948), who considers 
the two retinopathies identical or analogous. Ashton (1949) 
disagrees with this view, but regards intercapillary glomerulosclerosis 
and diabetic retinopathy as manifestations of the same pathological 
process in the two organs, modified by the different anatomical 
Structure of each. 

Appel (1950) considers the contemporaneous presence of diabetes 
and hypertension to be a consequence of a central disorder. The 
peripheral organs, the pancreas, and the kidneys w- uld be terminal 
members of the chain, and changes occurring in them would have no 
causal inter-relation but would be parallel symptoms of the same 
basic disease. 

We have shown that retinal aneurysms occur in connection with 
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arteriosclerosis, nephrosclerosis, nephritis, and diabetes, and have 
noted their presence in arteriosclerotic changes without any renal 
lesion. They have also been found to occur in association with 
nephritis, even when no other vascular changes could be demonstrated 
either macroscopically or microscopically. This suggests that the 
aneurysms have not developed as a consequence of hypertension, 
arteriosclerosis, renal changes, hyperglycaemia, or changes in the 
pancreas, but as a result of the disorder in the central regulation 
which is common to these diseases. 

Central disorders differ in different diseases, although there are 
similarities. The occurrence of identical changes, such as aneurysms, 
is evidence of a close relationship, but the fact that the aneurysms do 
not appear in all patients suffering from the diseases we have studied, 
proves the variable character of the disorder even in the same disease. 

While we are not justified in presuming that the diseases under 
consideration are different manifestations of the same process, it is 
clear that one can no longer recognize distinct borderlines between 
them. The central dysfunction does not always originate in a central 
factor. There is abundant evidence that impulses from the periphery 
may cause central disturbances, which in their turn either give rise 
to new changes in the periphery or aggravate those that have been 
produced earlier. This process has been reported in connection with 
pregnancy, infectious diseases, and injuries to peripheral organs. 
Renin and hyperglycaemia are known to give rise to central disorders 
which effect an exacerbation of the changes in the periphery, so that 
a vicious circle is produced. Boyd and Lewis (1938) and Platt (1942) 
showed that a unilateral renal lesion caused by a local process may 
give rise to a retinopathy which is cured after removal of the damaged 
kidney. Although here a local disease of a peripheral organ pro- 
duced changes in another peripheral organ, it may be supposed that 
the changes developed through the medium of a central disturbance. 

Many diseases, therefore, seem to be traceable to a disturbance of 
the central regulation caused either by a purely central factor or by 
an external one. Inter-relation may be noted between the central 
factor and the peripheral organs both in the centrifugal and in the 
centripetal direction. 


SUMMARY 


An investigation has been carried out to ascertain the incidence of 
retinal micro-aneurysms in non-diabetic diseases, which, like diabetes, 
are associated with retinopathy. 

One hundred and forty-three pairs of eyes were examined from a 
series of patients with arteriosclerosis, nephrosclerosis, and nephritis. 
Retinal micro-aneurysms were found in each group. Two types of 
aneurysms were noted: a localized spherical type, and an elongated, 
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fusiform, varicose type. There was no clear difference between the 
formations occurring in different diseases. It was found that 
aneurysms may appear in nephritic patients in the absence of 
generalized arteriosclerosis, and conversely that arteriosclerotic 
patients may develop them without exhibiting any renal changes. 

In the arteriosclerotic group, micro-aneurysms were most frequent 
in the youngest patients. Inthe nephrosclerotic group they were more 
common in the oldest patients. In nephritis they were evenly dis- 
tributed in all age groups. The results are compared with those 
already reported in the literature. 

Aneurysms are not, apparently, developments due to hypertension, 
arteriosclerosis, renal disease, hyperglycaemia, or pancreatic changes. 
It is supposed that the aneurysms are caused by the disturbances 
in the central regulation which occur in these diseases. 
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CORRESPONDENCE 
RETINAL MICRO-ANEURYSMS 


To the Editorial Committee of the 
BRITISH JOURNAL OF OPHTHALMOLOGY 


Dear Sirs—May I be allowed to congratulate Dr. N. Ashton on his 
excellent paper on retinal micro-aneurysms in the non-diabetic subject 
(British Journal of Ophthalmology, 35, 189). 1 should like to make the 
following comments. Miliary aneurysms are very often found on the 
retinal capillaries in cases of advanced angiosclerosis*. The anatomical 
work of Wergert and Kriickman would explain the predominance of the 
lesion on the venous side—the arterial one is supported by three glial 
membranes. Foster Moore has pointed out the danger of a sudden release 
of an angiospasm and the consequent flooding by blood of the more 
peripheral segment of the vascular tree. I have been able to provide 
without difficulty two drawings of a micro-aneurysm seen ophthalmo- 
scopically, one on the disk, and another—an arterial one—on the retina, 
where a large vein crushed a small arterial twig and so probably injured the 
nutrition of the vascular wall with the formation of an arterial aneurysm 
on the proximal side (Pines, 1929, British Journal of Ophthalmology, 13, 
97, Figs 30, 32, etc.). 


Yours faithfully, 
N. A. PINES 


Drnora House, 
41, Puitpot STREET, 


LonpDoNn, E.1 
June 2, 1951. 





* GinsBerG, S. (1903). ‘‘ Grundriss der pathologischen Histologie des Auges”’. Karger, Berlin. 
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NOTES 


OXFORD OPHTHALMOLOGICAL CONGRESS 
ANNUAL MEETING, 1951 


THE 36th Annual Meeting of the Oxford Ophthalmological Congress was 
held at the School of Geography, Mansfield Road, Oxford, on July 5, 6, 
and 7 under the mastership of Mr. F. A. Anderson. Rooms had been 
arranged at Frewin Hall for lady ophthalmologists, and most of the men 
stayed in Brasenose College. Opportunity was given to visit the new 
out-patient department of the Oxford Eye Hospital throughout the 
Congress, and there was also a commercial exhibition of optical and 
surgical instruments each day. A golf contest was held at Frilford Heath 
on the evening of July 5, after a delightful tea party in the garden of 
St. John’s College. In the Deer Park of Brasenose another tea party 
took place on July 6, so that members are indebted to the Presidents of 
these two colleges for much lively enjoyment. 

Mr. Ian C. Fraser, the Honorary Secretary and Treasurer of the Congress, 
had generously applied himself to the task of ensuring the comfort of 
visitors and members, and he deserves to be congratulated upon the results 
of his activity. At the Annual Dinner held in the Hall of Brasenose 
College on July 6, Dr. Edmund B. Spaeth (Philadelphia, U.S.A.) praised 
the informality of the atmosphere, and he protested that he had never 
attended a more friendly congress. His feelings were reciprocated, 
because he in his turn largely contributed to the success of the meeting. 
Some of us had been privileged to see his work and to receive his welcome 
in Philadelphia; and of course his monumental book on operative surgery 
was already familiar to ophthalmologists throughout and beyond the 
English-speaking world. Therefore Dr. Spaeth’s paper, “ The Surgical 
Correction of Complicated Congenital Blepharoptosis” had been 
impatiently awaited. In the event it proved to be a masterly and well- 
illustrated exposition, which will repay close study when the transactions 
are published. Another guest-speaker was Dr. J. L. Halliday (Glasgow), 
who was the first of three opening speakers in the discussion on 
** Ophthalmology and Psychosomatic Medicine”. His discourse was 
lucid, forcible, and packed with common-sense, as might well have been 
expected from a study of his excellent writings. Professor W. J. B. Riddell 
(Glasgow) and Dr. Dorothy Campbell (Coventry) were the other openers. 
Papers were also contributed by Mr. Humphrey Neame (London), 
Mr. A. B. Nutt (Sheffield), Mr. G. T. Willoughby Cashell (Reading), 
Mr. L. E. Werner and Mr. T. J. Macdougald (Dublin), Mr. J. P. Francis 
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Lloyd (Oxford), Mr. H. E. Hobbs and Mr. Charles Cook (London), 
Mr. R. Lang (Guildford), Mr. A. C. L. Houlton, Mr. C. R. S. Jackson, 
Dr. Mary Coxon, and Dr. B. A. Bembridge (Oxford), Mr. Harold Ridley 
(London), Mr. R. S. MacLatchy (Banbury), and Air Commodore J. C. 
Neely (London). On the last day of the Congress a discussion on 
‘** Modern Treatment of Detachment of the Retina” was opened by 
Mr. Seymour Philps (London), Mr. A. G. Cross (London), and 
Mr. R. I. T. Lloyd (Bradford). 

The Doyne Memorial Lecture given by Mr. John Foster (Leeds) was a 
feat of endurance, a mine of information, and a storehouse of suggestive 
material for future discussions. For nearly two hours he regaled us 
with a multitude of ingenious devices applicable to hospital management, 
operative treatment, and clinical examination, punctuating his remarks 
with epigrammatic sallies. To summarize this concentrated material 
would be inappropriate, but it seems fitting to emphasize how tremendous 
must have been the labour of preparation. Mr. Foster testified to the 
help he had received from Nuffield Trust investigators, but even so, it was 
abundantly evident that every paragraph of this lecture had entailed hours 
of application. Once again Mr. Foster has shown what can be done by 
dexterity and inventiveness allied with an insatiable appetite for work. 
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AMERICAN OPHTHALMOLOGICAL SOCIETY 


OFFICERS, 1951-1952 


THE following officers have been elected for 1951-1952: 


President: - - Dr. Lawrence T. Post 
Vice-President: - Dr. Conrad Berens 
Secretary-Treasurer: Dr. Maynard C. Wheeler 
Editor: - - Dr. Gordon M. Bruce. 


HONOURS 


Mr. JAMES ANDREW CRAIG, F.R.C.S. received the honorary degree 


of M.D. at the summer graduation ceremony of Queen’s University, 
Belfast, for his long and distinguished service to the university as 


Lecturer in Ophthalmology. 
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OPHTHALMOLOGICAL SOCIETY OF EGYPT 
ANNUAL MEETING, 1951 


AT the Annual Meeting of the General Assembly of the Ophthal- 
mological Society of Egypt on March 15, 1951, the new Council was 
formed and the following officers elected : 
President: Dr. Hassan Aly Ibrahim, Assistant Professor of Ophthalmology, 
Faculty of Medicine, Cairo. 
Hon. Sec.: Dr. Mohammed Bey Khalil, Ophthalmological Society of Egypt, 
Dar el Hekmah, 42 Kasr el Ainy St., Cairo, Egypt. 


PRIZE COMPETITION 


THE Ophthalmological Society of Egypt, to encourage scientific oph- 
thalmic work, has decided to grant a prize, a Gold Medal to the value of 
L.E. 20, for the most valuable contribution brought before the Annual 


Congress of the Society. 
The competition is open to all members of the Society of less than 20 years’ 
practice, whether residing in or outside Egypt. 


The subject for the competition is left open. 
Candidates should send their theses via the General Post Office, Cairo, not later than 


the beginning of December. 
Those interested should apply to the Hon. Sec., Dr. Mohammed Bey 
Khalil, for fuller details. 


NEWS 


Mr. STEPHEN J. H. MILLER, F.R.C.S., D.O.M.S., has been appointed 
Assistant Ophthalmic Surgeon at St. George’s Hospital, London. 


Proressor W. J. B. RIDDELL, F.R.S.(Edin.), D.O.M.S., of Glasgow has 
been elected President of the Ophthalmological Section of the Royal 


Society of Medicine. 


Mr. J. H. DoGGart, F.R.C.S., has been co-opted for a further year 


as representative of the Faculty of Ophthalmology on the Council 
of the Royal College of Surgeons. 





INSTITUTE OF OPHTHALMOLOGY 


SESSION 1951-52 


THE Inaugural Lecture for Session 1951-52 will be given on Wednesday, 


October 3, 1951, in the Lecture Theatre, Institute of Ophthalmology, at 
4 p.m. by Sir Cecil P. G. Wakeley, F.R.C.S. His subject will be “ The 


Treatment of Peri-orbital Tumours ”’. 


The Annual Dinner will take place at the Rembrandt Hotel, Thurloe 
Place, Kensington, S.W.7, on October 3, at 7.30 for 8 p.m. 


Tickets (price 18s. 6d.) may be had from the Secretary, Institute of 
Ophthalmology, Judd Street, London, W.C.1. 


NOTICE 


Mr. H. B. STALLARD is collecting statistics of cases of glioma retinae 
treated in Great Britain by X rays, radon, and radium. He would 
be most grateful for clinical and pathological details of such cases, 
which should be addressed to him c/o The Institute of Ophthalmology, 
Judd Street, W.C.1. 
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COMMUNICATIONS 


HEREDITARY DEGENERATION OF THE MOUSE 
RETINA* 
BY 


KATHARINE TANSLEY 
Institute of Ophthalmology, London 


TRUE hereditary degeneration of the retina has been described ‘in the 
rat (Bourne, Campbell, and Tansley, 1938) and the dog (Hodgman 
and others, 1949), but certainly not in any other species. In a series 
of papers, Keeler (1924, 1926, 1927, 1928) described an inherited 
retinal anomaly in the house mouse which he called “‘ rodless retina ”’. 
This anomaly is inherited as a Mendelian recessive character and the 
mice are blind by conditioned reflex tests. In addition, no electro- 
retinogram could be obtained from them (Keeler and others, 1928). 
Keeler claims that the condition is one of arrested development, the 
retina developing normally until 6 or 7 days after birth but not 
thereafter progressing beyond the separation of the inner and outer 
fibre layers. No rods ever develop, and there is said to be a 
reduction of normal mitotic activity from birth onwards (foetal eyes 
were not examined) and no degeneration. Such a condition could 
obviously not be considered as a retinal degeneration. 

Cohrs (1933a, b) described several mice with a retinal lesion very 
like Keeler’s rodless retina. He was unable to obtain any data as to 
its inheritance but, on the basis of the histological picture, identified 
the condition as rodless retina. Griineberg (1943), however, 
considers Cohrs’s lesion more likely to be homologous with the 
hereditary degeneration of the rat. 

The stock of mice described here, which was obtained from 
Dr. Brickner through the kindness of Professor Sorsby, is an albino 
stock carrying the retinal lesion as a recessive Mendelian character. 
No other abnormality has been found in the stock. No cataracts 
have been observed although seven generations have been bred at the 
Institute of Ophthalmology and some animals have survived for well 
over a year. There is no known genetic relationship between this 
stock and those investigated by Keeler, Cohrs, or Hopkins (1927), 
although the possibility (particularly where Cohrs’s and Hopkins’ 
mice are concerned) cannot be ruled out (Briickner, 1951). 





* Received for publication June 14, 1951. 
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MATERIAL AND TECHNIQUE 

The eyes of 60 animals were examined microscopically at ages varying from birth to 
15 months. The younger animals were killed by knocking on the head, the older by 
breaking the neck. The eyes were removed immediately after death and fixed in 
Zenker’s solution. 

Paraffin sections of the back of the eyeball were cut at 6p and stained with 
haematoxylin and eosin, or with the azan modification of Mallory’s triple connective 
tissue stain (in a few cases Mallory’s original method was used). Sections from older 
animals were also stained with Mallory’s phosphotungstic acid haematoxylin for glial 
fibres. In addition, a few eyes were stained by Feulgen’s method, and a few with 
Heidenhain’s iron haematoxylin counterstained with an aniline blue and orange G 
mixture. 

All eyes from the affected stock up to weaning age (21 days) were compared with eyes 
from two normal stocks of the same ages. 

RESULTS 
As in rats, the eyes of mice are immature at birth, the retina being then 


composed of a ganglion cell layer, an inner fibre layer, and a thick layer 
of undifferentiated cells showing mitosis along the outer edge (Fig. 1). 


Sacalecoer See DR gsc 


Fic. 1.—Transverse section through the mouse retina at birth. Zenker. 
Haematoxylin and eosin. (x 240). 


The following numbering applies to all Figures: 1. Rods. 2. Outer nuclear layer. 
3. Outer fibre layer. 4. Inner nuclear layer. 5. Inner fibre layer. 6. Ganglion cells. 
7. Optic nerve fibres. . 


In the affected stock, the retina appeared to develop normally until the 
animals were about 14 days old. Differentiation of the inner nuclear 
layer (ordinarily visible with this fixation method at about 4 days) was 
a little late compared with the two normal stocks, and so was the first 
appearance of both inner and outer limbs of the rods (7 and 10 days 
respectively in the normal stocks). However, at 13 days the retina was 
well developed and looked healthy (Fig. 2). 





RETINAL DEGENERATION 


Fic. 2.—Section through the retina of a mouse aged 13 days, from the 
affected stock. The retina is a for an animal of this age. Zenker. 
Haematoxylin and eosin. (x 240 


The first retinal changes were seen in two out of three animals examined 
at 14 days.. From 14 days until about 4 weeks the condition was 
always bilateral and progressed at about the same rate in both eyes and, 
so far as could-be told, in different animals. 

The general course of the disease was very much like that already 
described in rats, although there was some difference in details. The 
lesion appeared earlier and progressed much more rapidly in the mouse, 
but this may well be nothing more than an expression of the shorter life 
and quicker metabolism of the mouse. As in the rats, the first sign of 
abnormality was the appearance of pyknotic cells in the outer nuclear 
layer of the central retina. These degenerations could be seen at 14 days; 
by 15 days they had spread to the periphery and the outer nuclear layer 
was obviously thinner than normal in the centre. Fig. 4 shows the 
appearance of the central retina at 16 days, Fig. 3 being from a normal 
mouse of 17 days for comparison. In the affected animals the rods 
remained fairly normal in appearance over the 15th day, but between the 
16th and 19th days they gradually lost their characteristic structure. On 
the 21st day nothing but debris could be seen between the external limiting 
membrane and the pigment epithelium, and at 4 weeks there was no sign 
of the rods or, except here and there, of their nuclei (Fig. 5). 

Also at 4 weeks the external limiting membrane could be seen only in 
places, and part of the pigment epithelium began to look swollen and 
abnormal. From this stage onwards the rate of progress of the lesion 








KATHARINE TANSLEY 


Fic. 3.—Section through the normal fully-developed mouse retina 
(17 days). Zenker. Haematoxylin and eosin. (x 240). 


Fic. 4.—Section through the retina of a mouse aged 16 days from the 
atfected stock. The outer nuclear and rod layers are much reduced. 
Zenker. Haematoxylin and eosin. (x 240). 


became more irregular, some retinae becoming seriously disorganized 
fairly quickly, others much more slowly. In addition, different parts of a 
given retina were often at slightly different stages. Not much change was 
seen between 5 and 8 weeks except for slight gliosis and uneven 
swelling or disappearance of the pigment epithelium, which might, however, 
still look fairly normal in places. At 9 weeks the choroid also began 
to look unhealthy, varying between an enormous sclerosed thickening and 
almost complete disappearance. In every retina examined at this stage, 
however, there were always places where both the pigment epithelium and 
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Fic. 5.—Section through the retina of a mouse aged 5 weeks, from the 
affected stock. Where the outer nuclear layer is present it is reduced to a 
single layer of abnormal! cells. Zenker. Haematoxylin 2nd eosin. (x 240). 


Re ee 


Fic. 6.—Section through the retina of a mouse aged. 11 months, from the 
affected stock. The inner nuclear layer is disorganized and there is 
adhesion between the retina and the back of the eyeball. Zenker. 
Haematoxylin and eosin. (240). 


the choroid looked fairly normal. From about 4 months, connective 
tissue fibres and vessels could be seen running right through between the 
inner retinal surface and the choroid. These were, of course, associated 
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with adhesions between the retina and choroid (Fig. 6) and usually with 
considerable distortion of the inner nuclear layer (Figs 6 and 7). The 
amount of thickening of the glial fibres was very variable, and after its first 
appearance at 6 weeks did not seem to depend on how far the lesion had 
advanced. Gliosis is marked (for the mouse) in Fig. 8, from a 12-month- 
old animal, but is much less obvious in Figs 6 and 7, from I1- and 
13-month-old mice respectively. 


Fic. 7.—Section through the retina of a mouse aged 13 months, from 
the affected stock. Note the disorganization of the inner retinal layers 
associated with a bundle of connective-tissue fibres joining the retina to 
the choroid. Zenker. Haematoxylin and eosin. (x 1240). 


Fic. 8.—Section through the retina of a mouse aged 12 months, from the 
affected stock, showing gliosis but very little distortion of the inner retinal 
layers as well as separation of the retina from the choroid. Zenker. 
Mallory’s phosphotungstic acid haemotoxylin. (240). 
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DISCUSSION 


The changes which result in the disappearance of the visual cells 
are constant and regular, and appear to be a fairly direct manifesta- 
tion of the effect of the mutant gene. The later changes, affecting 
the pigment epithelium, the choroid, and the inner part of the retina, 
are much more variable in appearance; they are probably secondary 
to the destruction of the rods and so only indirectly related to the 
fundamental genetic abnormality. We shall see later that removal 
of the visual cells and their nuclear layer, from whatever cause, tends 
to produce retinal and choroidal changes of this sort. This type of 
disturbance is often associated with lesions which result in the 
breaking of the normal barrier between the retina and choroid. 
Since these are albino animals there is, of course, no question of 
pigment migration into the retina such as we observed in the rats. 

The whole picture and course of the disease suggests that we are 
here dealing with the mutation that causes hereditary retinal degener- 
ation in rats and perhaps dogs, and retinitis pigmentosa in man. 

Cogan (1950), distinguishes two retinal conditions in man which 
he calls retinitis pigmentosa and pseudoretinitis pigmentosa. 
According to his description, although in some parts of the retina 
the histological picture in one condition may be indistinguishable 
from that in the other, the two show a distinct over-all difference. In 
pseudoretinitis pigmentosa the inner layers are more disorganized 
and the gliosis is more marked. But the most important difference 
between the two lesions is that in pseudoretinitis pigmentosa there is 
a more extensive, although usually focal, disappearance of the 
pigment epithelium and a firm union between retina and choroid. 
On the other hand, according to Cogan (1950) the fusion of retina and 
choroid in retinitis pigmentosa is usually of a tenuous kind, so that 
the retina easily becomes detached in histological preparations, 
whereas in pseudoretinitis pigmentosa it remains adherent to the 
choroid. There may also be considerable fibrosis of the choroid in 
the latter condition. Cogan accepts the original suggestion of 
Collins (1919) that retinitis pigmentosa is due to an abiotrophy, 
but he suggests that pseudoretinitis pigmentosa has some other 
aetiology, which may possibly be inflammatory. 

Now, although some of Cogan’s illustrations of pseudoretinitis 
pigmentosa (notably Figs 34 and 35) do not resemble any, stage of 
the mouse lesion described here, his description of the histological 
differences between the two conditions would, in general, do very well 
as a description of the individual differences found during the later 
stages of the mouse disease. For instance, in the retina illustrated 
in Fig. 8, the inner layers are not seriously disorganized and there is 
no real adhesion between retina and choroid. In the retinae shown 
in Figs 6 and 7 there is considerable disturbance of the inner layers 
and, in Fig. 6 at least, there has been such a firm union between 
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the choroid and retina that the separation during histological 
preparation has brought away part of the back of the eyeball with the 


retina. These two pathological pictures are both found as part. of 
the same retinal condition, one which Treacher Collins would 
certainly have called an abiotrophy. It is very doubtful, therefore, 
whether adhesion or non-adhesion of the retina and choroid can be 


regarded as a distinguishing feature between diseases of an 
inflammatory and of a genetic origin. 


‘3) 


Fic. 9.—Section through an adult rabbit retina, showing a small area 


where rods, cones, and outer nuclear layer have disappeared. Zenker. 
Haematoxylin and eosin. 


Cogan (1950) describes one case of what he called “* focal pseudo- 
retinitis pigmentosa ”, in which the rods, cones, and outer nuclear 
layer are missing over relatively small areas only. I have seen a 
similar lesion in several rodent species, mouse, rat, rabbit (Mann and 
others, 1946), and ferret (Thomson, 1951), and Parry (Hodgman and 
others, 1949) has observed it in the dog. J! have not had the oppor- 
tunity of doing satisfactory inheritance studies on this lesion, but I 
am inclined to think that it is familial and progressive, at least in the 
rat, and Parry believes the same may be true in the dog. Fig. 9 shows 
a section through an affected rabbit retina, and the similarity to 
Cogan’s Fig. 36 is most striking. I believe that Fig. 9 illustrates an 
early stage of the disease and that it may progress to give the picture 
seen in Fig. 10. This and Fig. 11 are from different parts of the same 
section through the retina of an affected rat, and Fig. 11 might well 
be from an animal with the hereditary retinal lesion described 
here. This latter disease, whether in rats, mice, or dogs, never 
produces a loss of retinal tissue as severe as that illustrated in Fig. 10, 
nor does one ever see such large differences within one eye. In 
making a differential diagnosis between these two conditions, 
hereditary degeneration on the one hand and focal degeneration on 
the other, therefore, it is absolutely necessary to examine the whole 
retina, not just a few sections, and to catch the disease in its early 
Stages if this is at all possible. The evidence from animal material 
strongly suggests that these two retina) degenerations are unrelated. 





Fic. 10.—Section through a rat retina showing such extensive destruction 
that the retina is reduced to a single layer of nuclei and some fibres. 


There is adhesion between the retina and choroid. Zenker. Iron 


haematoxylin, aniline blue, and orange G. (x 240). 


Fic. 11.—Another part of the section illustrated in Fig. 10. Part of the 
inner nuclear layer is still present with the inner fibre and ganglion cell 
layers. G)iosis is also present (cf. Fig. 8). Zenker. lron haematoxylin, 


aniline blue, and orange G. (x 240). 


Hereditary retinal degeneration is often associated with cataract 
in the rat (Bourne and others, 1938a; Bourne and Griineberg, 1939), 
and the dog (Hodgman and others, 1949), and retinitis pigmentosa 
is often associated with cataract in man. This association of lens 
and retinal changes appears not to have been seen so far in mice. 
As already mentioned, no member of the mouse stock described here 
has ever developed any recognizable Jens opacity, and it seems that 
neither Keeler, Hopkins, nor Cohrs observed cataracts in their animals. 

The absence of cataracts in mice with hereditary retinal degeneration 
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cannot be due to an inability of mice to develop lens opacities, since, 
although reports of mouse cataracts are rare, the condition has been 
observed by Pearson (1924). The incidence of his cataract was 
increased from 1.5 to nearly 50.per cent. by selection (Griineberg, 
1943), but the retinae of these animals were not examined. In the 
rat stock investigated by us in 1938, cataracts never appeared unless 
the retina was affected, but by no means all the animals with 
degenerate retinae produced cataracts. As in Pearson’s mice the 
incidence of cataract in these rats was greatly increased by selective 
breeding, but a stock showing 100 per cent. cataract was never 
obtained. The findings in rats suggest that the cataract was secondary 
to the retinal lesion, but that its appearance was also subject to some 
hereditary factor. Further, the observations of Pearson (1924) and 
Griineberg (1943) on mice suggest a cataract subject to a hereditary 
factor but not a direct expression of the mutant gene (one with a 
relatively low penetrance). It may well be that this second mutant 
gene is not present in the mouse stock described in this paper. 


SUMMARY 


(1) A hereditary degeneration of the retina in mice is described. 

(2) The condition is inherited as a recessive Mendelian character. 
The retina develops normally to the adult stage when the rod nuclei 
degenerate. Loss of outer layers of the retina follows, and at a later 
stage there is disorganization of the inner layers and adhesion 
between retina and choroid. There is no secondary cataract. 

(3) The relationship of this lesion in the mouse to some retinal 
degenerations in other animals and in man is discussed. 


The author is indebted to the Medical Research Council for a personal grant. 
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PRESENT STATUS OF PHYSIOTHERAPY 
IN OCULAR DISEASE* 


BY 
P. D. TREVOR-ROPER 
Moorfields, Westminster, and Central Eye Hospital, London 


IN the harvest of recent advances in ocular therapy, the role of 
physiotherapy may seem rather unadventurous and retrospective 
a subject, but perhaps at this stage it will be found profitable to 
assess the extent of that territory in which there are still no more 
worthy competitors. : 

Apart from the use of exercises and massage, for which there is 
normally little occasion in ophthalmology, and the bordering 
territories of occupational therapy and household remedies, which 
are doubtfully within its scope, physiotherapy entails the use of 
radiant and electrical energy. The former legitimately should 
embrace x rays as well as ultra-violet and infra-red rays, but although 
these have considerable importance in ophthalmology, they are 


conventionally claimed by the departments of radiotherapy, and will 
here be omitted from discussion. 


ACTINOTHERAPY 


ULTRA-VIOLET RADIATION.—This can be obtained either by heating 
an object to a sufficiently high temperature (about 10,000° C.), as in 
the emission from the sun or from the terminals of the carbon-arc 
lamp, or by the luminescence of certain gases which give radiation of 
appropriate wave-lengths, as in the mercury-vapour lamp. 


General 


Administration.—General ultra-violet light was formerly administered 
according to the Rollier method, a quarter of the body surface being 
exposed each time and the length of exposure being gradually increased 
while distance from the lamp was decreased according to a familiar 
schedule, each area of the skin being irradiated at 10-day intervals. 
Latterly it has been the practice to expose the whole body surface at each 
sitting, since in the absence of active tuberculosis such carefully controlled 
dosage was not thought to be necessary, and no untoward results have 
occurred. 
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Tissue Effects.—These are variously described: metabolism is stimulated, 
the blood haemoglobin and calcium content as well as its bactericidal 
power are increased, and there is great psychological benefit, particularly 
since pallor and hypochondriasis so often co-exist. In addition, of course, 
there is the specific effect in metabolizing vitamin D. 


Indications.—In ophthalmology general ultra-violet irradiation is used 
as follows: 
(1) in ophthalmic foci of recurrent infections—principally styes, 
(2) in ophthalmic allergy from constitutional disease—principally phlyctenular 
disease, 
(3) in any chronic eye disease—particularly uveitis—as a general metabolic 
stimulant analogous to protein shock therapy. 
Contraindications.—These may be listed thus: 
Pyrexia 
Menstruation (excluded by routine enquiry) 
Active pulmonary tuberculosis (attempted exclusion by routine chest examination) 
Dirt (formerly this was so often apparent that a shower was installed in the 
department, but personal cleanliness now appears to be the rule) 
Hypersensitivity (attempted exclusion by enquiry of previous effects of sunlight, 
and antagonization if the irradiation has been performed by an immediate 
infra-red exposure). 


TABLE I 
CASES TREATED WITH GENERAL ULTRA-VIOLET LIGHT DURING 1950 





Results 








Eyelids (stye) 





Phlyctenular kerato-conjunctivitis 





Punctate ... 





Keratitis 
Profunda ... 





Episcleritis 





Uveitis ... 


ee ae : ee 








The results of treatment in 1950 can only crudely be ascertained 
from the record-sheets; they are indicated in Table I according to 
the number of each clinical group which remained unimproved 
(I.S.Q.), slightly improved (“+”), or considerably improved 
(“++”). Ina few cases no result could be quoted as the patient 
did not attend again. 


Results—tIn 1950 only 29 cases were so treated at Moorfields, in 
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contrast with four times this number in 1932 (Law, 1934). The relative 
paucity of cases gives a fair indication of the value of this treatment. 
This decline in numbers may be attributed partly to the evolution of more 
specific forms of ophthalmic treatment and partly to the increasing 
scepticism of the moderns who tend to mistrust all “‘ tonics’ where 
the psychological factor is large and uncertain. Thus, ‘in 1932, the 
commonest indication was phlyctenular disease which is now rare in 
England, both because of improved living conditions in the lower income 
groups and because of other more rational treatments due to a clearer know- 
ledge of its aetiology. Next in Law’s series came a conglomerate group of 
keratites and then a mass of iridccyclites, in whom at that time a tuber- 
culous origin was generally assumed and ultra-violet light given 
accordingly. The only other large group was that of the blepharo- 
conjunctivites, including recurrent styes. The former are now so readily 
relieved by penicillin that the latter now furnish the commonest present 
indication for general ultra-violet therapy. Otherwise there remain a few 
episclerites and deep keratites, chiefly on account of their obscure 
aetiology and reluctance to respond to the readier methods of treatment. 


Conclusions.—The broad conclusions of Law (1934) were that while 
general ultra-violet light ‘ benefited phlyctenular disease, blepharitis and 
iritis, its value with the other cases was very doubtful’. The results of the 
treatment given in 1950 are necessarily too few to allow any positive 
deductions, but, since better treatments have now been found, at any 
rate for phlyctens and blepharitis, one can only add that its value in 
the other conditions remains doubtful. 


Local 

Ultra-violet light has a more specialized local use in ophthalmology, 
and, because of the greater technical difficulty of administering it and the 
greater risks involved, has enjoyed a much more restricted popularity. 


Administration—It may be administered to cornea or conjunctiva 
simply by screening an ordinary mercury-vapour lamp, leaving only an 
aperture of the size of the area to be treated; alternatively, the filament of 
a Gullstrand slit-lamp may be replaced by a small mercury-vapour lamp, 
with quartz replacing glass in the condensing lenses and the head-rest 
being utilized for the patient, which allows more accurate focusing on an 
affected cornea; the “ Kromayer’ water-cooled local applicator is also 
very suitable for eye treatments. : 

Tissue Effects —-The rays below 3,000 Angstrém units (abiotic rays) are 
increasingly necrotic to corneal and conjunctival epithelia; after a latent 
period of about 6 hours, oedema and congestion, associated micros- 
copically with nuclear degeneration, and clinically with pain and 
photophobia, are manifest. ; 

Between 3,000 and 4,000 Angstrém units (biotic rays) where visible 
light begins, the rays are non-lethal, and their effect is principally thermal 
with consequent metabolic stimulation, vasodilatation, and mild analgesia. 
If a purely thermal effect is required, a Wood’s filter can be inserted to 
exclude the abiotic rays (Duke-Elder, 1928). 
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Dosage.—For skin treatment, a third-degree ‘ burn’ is usually given as 
a stimulating dose, and a suberythema dose for sedation; the same 
lengths of exposure normally apply for equivalent effects on the conjunctiva 
(mucous membranes normally require 1} times the skin dose for an 
equivalent effect), and half that length of time is normally used for corneal 
exposures. In practice, 2 min. increasing to 4 min. are normally given 
for corneal exposures, and this is multiplied by 14 or 2 if at 45° or 60° to 
the vertical axis. 

The rays are passed obliquely to the cornea in order to avoid striking 
the lens (where possible, a miotic pupil is also preferred for this reason), 
but in fact the danger of thus evoking a cataract is very slight.* 

The use of fiuorescein as a sensitizer is not encouraged in the eye owing 
to its tendency to cause thrombosis, and to the fact that its prolongation 
of the actinic effect on the lens is uncertain. 


Indications.—These are as follows: 


(1) Conjunctiva.—The abiotic rays can be used to clear the desquamating epithelial 
cells with their bacterial content from an indolent ulcerative blepharitis, and to sterilize 
a conjunctiva before cataract operation, especially where pathogenic bacteria were 
repeatedly found on culture in spite of routine antiseptic treatments; as such 
sterilization cannot be attained without causing an intense tissue reaction, this latter 
rather than the abiotic rays may be responsible for any bactericidal effect. The newer 
forms of chemotherapy have rendered both of these uses largely obsolete. 

The biotic rays may be more profitably used in any very chronic congestive 
conjunctivitis including lupus and trachoma. 

(2) Cornea.—Both abiotic and biotic rays may be used for various superficial 
keratites, the former as cauterizing agents after the manner of carbolic or trichloracetic 
acid, and the latter to stimulate the indifferent corneal lymph flow. The corneal tissue 
is impenetrable to rays below 2,950 A.U., but longer rays penetrate in increasing amounts 
up to the commencement of visible light. Thus deeper corneal structures are 
adequately reached only by the longer thermal rays whose therapeutic effect is minimal, 
and the cauterizing effect of the abiotic rays is confined to such superficial conditions 
as dendritic ulcers, quite apart from the fact that Duke-Elder (1928) has shown that 
the corneal tissues themselves protect bacteria from injury by such rays. Complete 
absorption by the lens with consequent risk of producing cataract is found only in the 
shortest of those rays that can traverse the cornea—2,950 to 3,200 A.U. 

(3) Nodules of Episcleritis—These have been treated with biotic rays, although other 
-methods of heating are usually more convenient. 

(4) Tuberculous Nodules on the Iris —It has been suggested that these might also be 
amenable, but as the pigment cells convert even abiotic rays into heat, this seems 
improbable. 

(5) Adjacent Inflammations.—These have also been alleged to be improved by the 
reflex vasodilatation which follows the liberation of histamine after irradiation of the 
superjacent skin; dacryocystitis is said particularly to benefit in this way, and such 
treatment may be given as a prophylactic before cataract extraction where mild 
infection of the lacrimal sac is suspected (Bauwens, 1934). 

(6) Herpes Frontalis——Pain may be relieved. and healing expedited by local 
irradiation of the vesicated area. 


*It is attested clinically only by two doubtful cases. 
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Results—The records again show a fairly steady decline in the number 
of cases referred for local ultra-violet radiation, and this, too, is largely 
attributable to improved and more direct therapeutic methods particularly 
in the treatment of corneal ulceration. 

From an assay of cases treated at Moorfields in 1932, Law (1934) 
concluded that “local ultra-violet light had little bactericidal effect, but 
that the corneal scar, although not less dense than otherwise, was more 
stable and less liable to break down ”’, hence its occasional use in recurrent 
abrasion, but only a very large series could ever substantiate this. In my 
limited experience the greatest value of ultra-violet light, local or general, 
is to be found in herpes ophthalmicus in promoting the relief of pain and 
the healing of the skin lesion (Table II). On the eye itself, local ultra- 
violet therapy has little advantage over the more convenient clinical 
treatments available. 

; TABLE II 


CASES TREATED WITH LOCAL ULTRA-VIOLET LIGHT DURING 1950 





























Cases | Results 
Disease | Total | ISQ |' + | 4 
Vernal py saa 1 1 — | — 
Conjunctivitis 
. Granulation whe 1 — 1 | — 
(Uber. 3 1 2 | sh 
Keratitis ... / Punctate oko hye 1 — 1 | — 
\Recmeaen abrasion ... 1 — 1 | — 
Herpes frontalis ie wee ste 3 — 1 | 2 
OM tices Cast arms 10 2 6 | 2 














INFRA-RED RADIATION.—This has little application in ophthalmology: 
it causes heating of the tissues, more penetrating than surface heaters, 
but less than diathermy, and as such it is sometimes convenient for 
ward treatments, since the hand infra-red lamp is less cumbrous to 
carry and apply than the diathermy machine. It has certain 
notorious ill-effects on the eye that discourage its use. 


ULTRA-SONIC THERAPY.—AsS a further, and largely unexplored, form 
of radiational therapy, ultra-sonic applications have been used as 
metabolic stimulants in removing the vitreous opacities after 
haemorrhage and in promoting resolution of chalazia (Badtke, 1949). 
The principal objection is the risk of causing the concussion cataract 
which has been observed to follow such treatment in experimental 
animals; and since the physiological effects are apparently due to 
the heat generated, the established methods are normally preferred 
even where ultra-sonic generators are available. 
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ELECTROTHERAPY 


Low-VOLTAGE THERAPY.—This may be used to kill cells, stimulate 
nerves, or transfer ions. 


Electrolysis 


The passage of a current (about 2 milliamps) from a small active 
electrode to a large indifferent electrode elsewhere on the body is a familiar 
method of destroying the follicles of ingrowing eyelashes, and historically 
for detached retinae, but xanthelasmata, iris cysts, angiomata, etc., are 
also amenable. The positive pole is generally preferred in the latter 
group because of its coagulative effect. 


Galvanism 
This is alleged to relieve pain and blepharospasm. 


Faradism 

Muscles that are mechanically embarrassed but with unimpaired 
nerve-supply may be exercised by means of Faradic current. The move- 
ments of a Cutler’s implant or of an oedematous levator palpebrae muscle 
after ptosis operation may be facilitated. 


lontophoresis 


Ions may be readily repelled from the appropriate pole into any of the 
superficial ocular tissues in concentrations considerably greater than those 
that result from normal diffusion. 

Administration —An eye-bath is filled with a solution of the ion in 
question (at normal therapeutic concentrations) and the active terminal 
is passed into the solution. For topical application, various devices are 
available by which the electrolyte may make contact with a particular 
area (e.g., an ulcer or nebula), but their use is rarely justified in view of the 
awkwardness of administration and the extra distress occasioned to an 
eye that is already painful. Where the eye is extremely irritable, drops 
may be inserted and a pack (soaked also in the electrolyte) applied to the 
closed lids; this method also applies where calcium ions are being given 
for the relief of pain and blepharospasm. The source of current may be a 
battery or filtered mains, 1 to 2 milliamps being applied for 2 to 5 min., 
a stronger dosage being legitimate if the lids are closed; platinum 
electrodes are preferred although zinc electrodes may be used for zinc 
ionization. Catalysts are rarely used in ophthalmic treatments. The 
subject has been extensively considered in the literature of the past 20 years 
(Karbowski, 1939). 


Tissue Effects—\ontophoresis is of particular value in promoting the 
following tissue effects: 


(a) As an astringent, zinc will often give relief in any indolent inflammation— 
blepharitis, conjunctivitis, or keratitis, especially when oedema is prominent. In the 
conjunctiva, the zinc ions are soon swept away by the copious blood flow, but the 
sluggish circulation of fluids in the cornea gives a prolonged effect, and catarrhal or 
serpiginous ulcers often evidence a striking benefit. Jahnke (1948) has shown that zinc 
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sulphate causes hyperaemia and exudation rather than astringence; he considers that 
its value in chronic conjunctivitis is only that of stimulating reactions in depressed 
tissues. 

(6) The halions can cause sclerosed cells to swell by hydration, and for this reason 
iodide iontophoresis has often been given to expedite the dissolution of corneal scars. 

(c) Specific effects include the introduction of antibacterial drugs for infective kerato- 
conjunctivitis, and the various autonomic drugs. 

(d) In painful eyes, especially associated with blepharospasm, calcium ions should 
decrease the excitability of nerve-endings, and the anodal current alone has.a slight 
analgesic effect. 


Indications.—The clinical value of iontophoresis in ophthalmology has 
been extolled by many and their exaggerated claims carry little conviction 
except perhaps to those more impressionable patients to whom they are 
still being so widely administered. For instance Fleming (1943) lists a 
striking diversity of benefits (“friable scars are made strong”, and the 
“* dramatic response of tobacco optic neuritis ”) that are echoed in other 
countries with apparently equal fervour (e.g., Erlanger, 1929, 1936, 1939; 
Rochat, 1929), but more restrained views are also available (Law, 1950). 


-Results.—The effects of the various types of ionization are summarized 
in Table III. 

(1) Zinc is by a long way the most popular; it will relieve catarrhal 
ulcers (which usually respond well to other treatments), and is beneficial 
in indolent congestive conjunctivitis as also in trachoma (which we 
rarely see in London). 

TABLE Ill 


CASES TREATED WITH IONIZATION DURING 1950 



































Cases Results 
Treatment wigs Se Aesteglo  RRE ay: 
Disease | Total | 1.S.Q. | Improved 
| Simple ulcer iF geay ee Slee 
| Dendritic ulcer 5 | 2 3 
| Phlyctenular 1 tes — 
Zinc Keratitis Filamentary 1>18 | 1 — 
| | Rosacea 1 ; o— 1 
| | Superficial punctate| 1 | 1 Ce 
| Disciform 2 | 1 1 
: Keratitis | Simple ulcer 1 } | 1 — 
Sulphacetamide | | Disciform 2 3 | 1 ies 
| Keratitis | Simple ulcer 3 Ie sea 
Potassium Iodide | _ ___| Disciform 3}11 | 1 2 
| Corneal nebula | 5 2 1 
| Keratitis | ened 1, ‘ee rs 
. | Disciform Lael 
Calcium | Orbital foreign [ age 2 J 4 1 a 
|. boay 
5 Ea ae oe a 
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’ (2) PoTaAsstuM lopipk is theoretically useful, but is becoming historical 

now that keratoplasty provides a so much less tedious and doubtful 
method of removing nebulae. In passing it may be noted that certain 
Russians claim successful treatment of optic atrophy by ionizing iodide 
or calcium from the conjunctival sac (Greenberg, 1949). 


(3) Sreciric Autonomic Drucs.—Their effects are facilitated, and 
have been widely appraised in the literature. Most of the autonomic drugs 
lend themselves to ionic transference, in particular it assists atropine to 
enforce mydriasis on a reluctant pupil (Rochat, 1929), and has the reverse 
effect with miotics in acute glaucoma. Acetyl-choline may be used retro- 
bulbarly to antagonize various ischaemic conditions of the retina (retinitis 
pigmentosa), choroid (chorio-retinal degenerations), and optic-nerve (retro- 
bulbar neuritis, central artery occlusion). Both anatomical and physiological 
considerations, however, render these beneficial effects highly suspect, 
and Erlanger’s method of multiple applications behind the limbus is little 
more encouraging. Quinine, salicylate, and other therapeutic agents 
have been similarly employed (Erlanger, 1936; Selinger, 1947; Morisot, 
1947). In prolonged bacteriostatic concentrations the sulpha derivatives, 
especially sulphadiazine and sulphacetamide, have been shown to enter 
the anterior chamber thus in up to ten times their normal concentration 
after simple diffusion (Boyd, 1942; Sallmann, 1942). Penicillin is less 
amenable to ionic transference; some authorities claim success with it, 
either alone or in combination with sulphathiazole (Sallmann, 1944), but 
Bauwens and Paterson (1951) have shown experimentally that it loses 
its efficacy when introduced through the cornea in this way. 

The specific autonomic drugs can all be introduced by subconjunctival 
injection, and this is the best method for penicillin and the antibiotics 
generally. So few ophthalmic infections remain (apart from trachoma, 
for which loca] sulpha-therapy is still the optimum), that this form of 
treatment is still to be preferred in very few cases. 


(4) Catctum.—Though the results are occasionally striking, they are 
restricted by the fact that by the time the pain causes the surgeon to 


suggest ionic relief, it is often too deeply embedded for any local remedy 
to be effective. Calcium ions have been given empirically in iritis as 


well as in other more superficial inflammations to reduce the inflammatory 
exudate (Huber, 1948). 


HIGH-VOLTAGE THERAPY.—The high-frequency alternating current 


used avoids any ionization and polarization with coincident tissue 
damage and nervous stimulation; its use is widespread and of great 


importance in modern ophthalmic therapy. Apart from _ its 
considerable value in operative treatment as a “ coagulation” or 


“ cutting ” diathermy, the principal effect of “ medical diathermy ” 
is that of heating the tissues, with the great advantage that the heat 


may be concentrated at will in deeper tissues. The side-effects of 
the heating are capillary dilatation, leucocytosis, relief of pain, and 
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metabolic stimulation; in addition, there is a lowering of viscosity 
which is particularly relevant in the eye (Phillips, 1939; Lloyd, 1939; 
Ruedemann and Zeiter, 1940; .Law, 1940). 

Administration.—The 0\d-fashioned long-wave application with direct 
contact of the electrodes on the body has given place, for technical as well 
as therapeutic reasons, to increasingly short waves, between 3 and 30 m. 
being generally used. 3 m. gives the optimum even temperature of the 
whole eye (Meyer-Schwickerath, 1949). They are administered by placing 
the body either in a high-frequency condenser field, with large insulated 
electrodes facing each other and separated by a few centimetres from the 
intervening patient’s head, or in a high-frequency electromagnetic field 
from an adjacent insulated cable. There is some controversy as to which 
machine is preferable, but for the elderly patients that frequent eye 
hospitals, the greater ease, safety, and comfort offered by the former 
recommend it to the author, in spite of the reasons given by Phillips 
(1939) in favour of the cable electrode. 

Shorter waves (“‘ microwaves ’”’) are indeed available, at any rate in 
America, with wave-lengths of from 30 cm. to 1 cm., and frequencies of 
1,000 to 30,000 megacycles per second; these allow stiii more accurate 
localization of the heating, greater rise of temperature in deep structures 
relative to the overlying skin, more marked increase in blood-flow in the 
tissues affected, and minimal discomfort to the patient (Krusen, 1950). 
There are, however, certain risks in applying microwaves to the eye, and 
these have so far precluded their use in ophthalmology, since experimentally 


cataracts have been caused as well as corneal opacity and mydriasis. 
(Daily and others, 1950; Salisbury and others, 1949). 


Indications.—These include inflammation of any type or in any site, 
but principally the various forms of uveitis (which lend themselves less 


readily to other treatments), and congestive glaucoma (especially where 
there is pain to be relieved or when the condition is partly due to a raised 
viscosity of the aqueous that the diathermy will tend to lower). In 
congestive glaucoma, the effect is capricious but it is apparently most 
noticeable in the lower frequencies (about 500,000 cycles). | Diathermy 
is also credited with expediting the clearance of vitreous haemorrhages 
(Fahmy and Bishara, 1948), but, since it causes vasodilatation it is 
theoretically liable to precipitate further bleeding, and is rarely used in 
such cases. 


_Results—In Table IV (overleaf) are listed 144 cases treated with 
diathermy during a recent period of 10 months. The dosage was 10 min. 
daily, except for the acute cases in whom longer treatments were given up 
to twice a day for the first week. Treatments were reduced to alternate 
days in out-patients usually after the first fortnight according to the 
response of the affected eye and to the patient’s individual circumstances. 
Treatments were rarely continued for than a month. 

In the few cases where the course was interrupted or the records were 
incomplete, no assessment of the result of treatment is given. 

Although the duration of disease was not strikingly abbreviated in 
any case in comparison with the average duration encountered with 
routine treatment, the three major conditions that were treated in 
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TABLE IV 
CASES TREATED WITH SHORT-WAVE DIATHERMY 
DURING TEN MONTHS IN 1950 
Cases | | Results 
ES bat Average 
| Treat- 
Di T od ments | Eye quiet Little ate 
isease | 10) Or a eee 
| Eose | 2 | 4 |changeliora- 
weeks weeks ~ tion 
| Dacryocystitis | acute ad bal[— Pep 
pee ' episcleritis }9o9} @ } ate) aye 
| Scleritis \ tenonitis } ] 4 } | | — = -_ 
} | Stitch abscess \ 1 | pee Bee _— ms pa 
| sclerokeratitis ; f 12 | 9 Besar 1} — 
| | sclerokeratitis tubercular | 2 9 | 2 — _ ae 
| simple im) BEER ] BE 
corneal ulcer dendritic | 2 1] - | = 2 _> 
after foreign, : { 
body i ob Wi eds eral Se 
| Keratitis | — —_ SES eee 
\ en page | 2 { 12 | —_- | | 2 | — 
| | herpetic 4 33 | — | — ee 1 
Inflam- | | filamentary | 1 gel BA ae A lee es 
mation | rosacea (type PORE he Bed 2 ~~ 
| chemical (lime) \ 4 4 —- |— 1 haces 
| (mustard gas) 1 5 | 1 \)— — Sad 
| | disciform Oy Cay ths AR oem 1 5 pre 
interstitial Re en ee ae Be 1 b pass 
| | to perforating wound | 4 bose — — /}| 2] 2 
| to perforating intra-ocular | | | | 
| foreign body Or ek Ter > el deel eee oe aco 
| co | | 16 | 3 | S| 10 
| Secondary auceden 2 | 4 2 | —{|— za 
glaucoma 
| Uveitis | | to operation | iridectomy| 1! | rH omc Road Nie | _ 
| | | trephine 3 - Deo! aon Heed Rae gs py nea aren 
| | | cyclodialysis} 2 14 hor | 1 — 1 
| | | diathermy 1 8 bor Saw 1 oe 
} } re 
ae t ia e Tap eee Pe 
| Primary | gute tome a tcl ed = 
| [with glaucoma t}17 | a6 | a | 5 | s [=.= 
| | to uveitis | | | | 
| to coronary vein thrombo- | ‘ ‘ | | | 
Hyper- | Secondary | si eae, rc 
tension Glaucoma | extraction | 2 | 14 |— | — 2 _ 
| tooperation | Prezziosi 2 | 6 |— 1 1 = 
| | | trephine | 3 14 |— cd 2 
| ne | 
| — ee oO SO - 
| | | acute | 5 = | 2 | 2 | _ 
Primary | chronic | 1- 3 !— '— | 1 — 





statistically significant numbers (primary acute uveitis—23; post-extraction 
uveitis—22; uveitis with secondary glaucoma—17) admit some appraisal: 


(1) Primary Acute Uveitis—The acute attack is rarely protracted with routine 
out-patient treatment (only three were in-patients), and a 50 per cent. recovery in 
2 weeks is no particular credit to diathermy. Subsequent relapses were no less common 
than in cases not receiving diathermy. In most cases (but with notable exceptions) 
the diathermy relieved pain, often for several hours or more, and when relapses did 
occur patients usually volunteered a request for more diathermy. 

(2) Post-Extraction Uveitis—All eyes that remained unduly red after cataract extrac- 
tion normally received diathermy treatment, which in 25 per cent. was continued after the 
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patients’ discharge from hospital. Most of these were extracapsular extractions, and the 


best response was shown in those with much residual soft lens matter, the latter being 
itself partly responsible for the inflammation, Although 50 per cent. of those receiving 
treatment did not respond readily, other factors were present in the majority (uveal or . 


vitreous prolapse, capsular synechia, fistula, etc.). It must be con that in many 
of the post-operative cases, diathermy was given largely because it was readily available 
to such ward patients and because it manifestly helped the morale of those who showed 


impatience at a rather slow convalescence. 


(3) Glaucoma Secondary to Uveitis (but excluding the acute iritis in which a transient 
hypertension is manifest)—In these cases, diathermy probably finds its greatest 
application, since besides the analgesic and circulatory-stimulant effects noted as 


beneficial in acute uveitis, it causes a decrease in the viscosity of the aqueous and so 
facilitates drainage. Such cases can be notoriously intractable and the results of 


surgical intervention are often so unsatisfactory that still greater importance is here 


attached to the diathermy treatment, so that a 50 per cent. relief in 4 weeks is perhaps 
as good as any other form of therapy can anticipate. 


From the miscellany of other conditions, few generalizations and 
conclusions may safely be drawn. Of the keratites, simple ulcers 


responded best but not with greater alacrity than normally follows 
adequate treatment, and the relatively large numbers of deep keratitis 


and episcleritis, as well as of certain other diseases in the list is more an 
indication of their troublesomeness and indolence than of any striking 


benefit that diathermy can offer; there is, indeed, a prospect that cortisone 
will relieve us of many of these chronic attenders. Subjectively, the relief 


from pain, in particular with the episclerites, is often the only justification 
for continuing the treatment. This factor necessarily does not admit 


an easy clinical assay, but the value of diathermy in this respect is generally 
agreed. 


EVALUATION 


In attempting an evaluation of these forms of treatment, one is 
conscious that, with the exception of diathermy, one is framing an 
obituary for a distinguished figure who has held the stage for a fair 
season, and who may yet be a long time a-dying. These various 
ancillary treatments, theoretically sound enough, have never really 
proved themselves, partly because of the extra trouble entailed and 
partly because the clinical results are not easily assayed. Now, with 
the influx of modern treatments which can do so much better what 
they try to achieve so laboriously, they still deserve some recognition 
as they struggle along in the wake of progress or as the final chapter 
in the therapeutic text-book. 

All treatments with rays and currents have a certain psychological 
value to the impressionable patient, which equally renders them 
suspect to the dispassionate oculist; and the very uncertainty of 
their effects and the difficulty of assaying statistically their results 
commend them even less to his scientific mind. Time is the greatest 
and usually the fairest arbiter, and the steady increase in use of 
short-wave diathermy along with the gradual decline of the various 
other methods, gives the surest indication of their respective values 
in the present state of hospital practice. 














P. D. TREVOR-ROPER 
SUMMARY 


(1) The various methods of physiotherapy used in ophthalmology 
are discussed. 

(2) The results of treatment with general and local ultra-violet 
light, iontophoresis (zinc, iodide, sulphacetamide, calcium), and 
short-wave diathermy are tabulated and analysed. 

(3) The continued use of these methods in modern ophthalmic 
practice is debated. » 


My thanks are due to Mr. F. W. Law, Surgeon in charge of the paysioternty 
department, to the other surgeons at Moorfields Eye Hospital whose cases have 
included in the above analysis, and to Dr. P. Bauwens, physiotherapist in charge at the 
Westminster and Central Eye Hospital for his advice and help. 
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CLOSED BRANCHES OF CONJUNCTIVAL 
VESSELS *+ 


BY 


ARNOLD LOEWENSTEIN 
Tennent Institute of Ophthalmology, University of Glasgow. (Prof. W. J. B. Riddell) 


NORMAL conjunctival vessels have been studied with the slit lamp by 
many observers, including Koeppe (1920-22), Vogt (1930-31), 
Graves (1934), Berliner (1943), and Meesmann (1927). The con- 
junctival vessels are capillaries, many of which are seen to be filled 
-with red blood corpuscles; some of these capillaries are fairly 
large, but others are fine. These capillaries, containing one row of 
red blood corpuscles, have been traced from artery to vein (Graves, 
1934). It is very important that no definite walls have been found 
in these fine vessels, even with a high-power slit lamp. 

The normal conjunctival blood vessels can be irritated with 
chemical, traumatic, or bacterial agents, one of the simplest ways 
being to insert a drop of dionin 2 to 5 per cent. as I have described in 
a previous communication (Loewenstein, 1944). The dilated 
conjunctival blood vessels can then be studied, and there is an 
increase of ten to twenty times the number of small capillaries in 
eyes so treated. I tried to study the normal area supplied by the 
capillaries, but it is not easy to examine eyes with the slit lamp when 
using a high magnification. - Finally, I kept my own eye at rest under 
high power, and our artist, Mr. G. Donald, sketched the conjunctival 
capillaries (Fig. 1). 
There were many very 
fine capillaries contain- 
ing red cells, but I 
expected to find some 
very fine capillaries 
apparently empty as 
had been previously 
noted, and such very 
fine capillaries were 
found in my conjunc- 
tiva, apparently empty 
and colourless. Some 
had no red blood cells 
in them, while others 
contained various types 





Fic. 1.—Blood-free capillaries of the conjunctiva 
of blood corpuscles seen in high-power slit lamp. 


* Received for publication April 5, 1951. 
+This research was sponsored by the W. H. Ross Foundation (Scotland) for the Study of the 
Prevention of Blindness. - 
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scattered singly, and others appeared to be collapsed. These fine 
colourless capillaries have a clear glass-like wall which can be 
perceived with diminished illumination under high magnification. 

It is significant that some of the larger conjunctival blood vessels 
are very pale. The deep episcleral vessels contain a smaller 
proportion of red blood corpuscles (Fig. 1), as found by Lauber 
(1901), and the blood seems to be diluted with aqueous (Ascher, 1942). 


Some fine capillaries were closed and free of blood. I have the 
impression that some fine twigs were closed where they joined larger 
vessels. I have not seen a sphincter clinically, but an anatomical 
sphincter in the conjunctiva is described below. Quite frequently, 
subconjunctival haemorrhages are demonstrated with sheathings and 
these are assumed to be lymph channels. The lymph spaces in 
conjunctival haemorrhages are sharp, hard, and clear. These peri- 
vascular spaces were seen in the 
middle layers only (Loewen- 
stein, 1944). On the other 
hand, I have often seen glassy 
nodules in the conjunctiva 
with the slit lamp, as described 
by Busacca (1934, 1948). The 
clear lymphatic perivascular 
spaces are sharply delineated, 
while the irregular nodules, 





two vessels filled 
with red b orpuscles 





ae 


Fic. 2.—Closed conjunctival vessels with- 
out blood. 






one twig completely closed 





Fic. 3.—Twigs completely 
closed in a case of diabetic 
hypertension. Haematoxy- 
lin. 150x. 
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which are obviously quite 
different, are prominent and 
localized. 

I examined fine razor-slices 
of ocular conjunctival tissue, 
without staining, with and 
without reduced light, or 
stained with haematoxylin, 
Weigert, aniline blue, and 
other stains. The network of 
conjunctival vessels (Fig. 2) 
were nearly all equally filled 
with blood, but some were 
collapsed, others partly dilated, 
and others irregular, while 
yet others were only branches 
(Fig. 3). Sometimes the twigs 
were completely closed. 

It is especially important 
to note that the branches 
were partly filled with endo- 
thelial cells and partly solid. Fic. 4.—Closed branches. Haematoxylin. 

300 x. 
Some branches were only 
narrowed and a lumen was present, although others were closed 
completely (Fig. 4). 

I often found short solid “ bands” joining two conjunctival 
vessels completely closed. These bands were filled with many solid 
endothelial cells, and some contained lymphocytes (Figs 5, 6, and 7). 
Some of these bridges were filled with masses of endothelial cells, 
but I do not understand their function. Are they controlled by a 








Fic. 5.—Linkage between two vessels Fic. 6.—Short bands, some closed 
showing endothelial cells and empty with endothelial cells. Haematoxylin. 
lumen. Haematoxylin. 300x. 300 x. 
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limbus cornece nervous mechanism ? 
eae Do they perhaps 
result from a sphinc- 
ter action? 

I found many 
=n) sphincters on _ these 

“ twigs (Figs 8 and 9). 
Sometimes the nuclei 
were present, but 
sometimes the lumen 
ZIZAZ was narrowed and 


ondeahenie, 






finger process — t blood vessels no nuclei of the 

no_linkage between artery sphincter muscles 

and vein in one lumen could be found. 

Fic. 7.—Vascularization in the cornea. Haema- Their function in the 
toxylin. 675x. 7 a alae 

conjunctiva is inter- 


esting. They were shown in other tissues by Chambers and 
Zweifach (1944), and by Clark and Clark (1935, 1943); Evans 
(1947), and Loewenstein (1947a, b), proved that they were also 
present in the vessels of the retina. Some of these bands were 
closed links between two open vessels containing blood. This 
solid junction might arise through a swelling of the endothelial cells 
(Figs 5 and 6); later, there might be a shrinking of the endothelium 
and the lumen would be reformed and filled with blood cells. The 
slit lamp does not show a sphincter in vessels with a blood-filled 
lumen; it is only seen in stained sections of thin razor-slices of 
conjunctiva. So far the paraffin slides have not been successful, 
and the razor technique described above proved to be preferable. 

I found that some of the finest conjunctival capillaries at the 
limbus terminated in end-capillaries, there being no returning vessel 
carrying the blood back to the venous side. These end-capillaries 
I have called “ finger processes ’’ (Fig. 7); they reach directly into 
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with endothelium 








blood vessels 
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Fic. 8.—Sphincters. Haematoxylin. Fic. 9.—Sphincters. Haematoxylin. 
600 x . 300 x. 
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the cornea, and some of them are filled with single red blood 
corpuscles, while others have none. Some of these finger processes 
have typical endothelial cells, sharply outlined and swollen (Fig. 7). 

Some of these end-capillaries in the limbus are surrounded by a 
substance which is a real jelly, and-is easily visible with restricted 
lighting. The fine gelatinous tissue surrounding the blood-filled 
end-capillaries is very characteristic. This visible jelly may contain 
single red blood corpuscles, have a fine granular substance, or be 
composed of single granular cells. 

It is most interesting that retina from diabetics, examined in bulk, 
showed new-formed vessels in a gelatinous matrix. 

Ballantyne and Loewenstein (1943) and Loewenstein and others 
(1946) described retina in bulk, unstained, with prominent new- 
formed vessels and fine-walled loops surrounded by a similar jelly, 
in cases of Eales’s disease. The new capillaries in the retina were 
examined by Ballantyne (1949), who showed that they had a pre-retinal 
and vitreous gelatinous base, a primitive connective tissue from the 
adventitia. 

Some of these capillaries in the limbus are filled with new blood 
corpuscles and enter the jelly as a pathological reaction. The whole 
jelly might be a supporting matrix of transparent primitive type, like 
an embryonic structure. The function of the described conjunc- 
tival and corneal tissue in the capillaries is still unknown. 


SUMMARY 


(1) The normal conjunctiva was examined with the slit lamp under 
high power. Very fine capillaries were seen, some having clear, 
pale, glass-like fibres, with no blood corpuscles, but others having 
single red blood corpuscles also appeared. 

(2) These very thin capillaries become dilated and blood-filled 
after instillation of dionin. These dilated conjunctival vessels are 
then 10 to 20 times more numerous than the fine, pale capillaries. 

(3) The bulbar conjunctiva was examined anatomically, using 
razor-slices, and the conjunctival tissue was stained. 


(4) Some twigs of the conjunctival branches were found collapsed. 

(5) Some closed twigs were filled by endothelial cells, others 
contained single lymphocytes. 

(6) Some branches of certain twigs were controlled by sphincter 


muscles in the conjunctiva, as in the retinal capillaries, but cushion 
cells were not found. 

(7) Processes or “ finger vessels” at the limbus reach into the 
cornea. Some of these processes are empty of blood cells while 
others show a thin lumen with a single line of red blood corpuscles. 
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(8) The termination at the limbus of certain capillaries was 
surrounded with a gelatinous tissue. The function of this jelly is 


not known. 


1 am indebted to Mr. G. Donald for-his help in making the drawings. 
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TRACHOMA* 


DIAGNOSIS AND TREATMENT 


BY 


LOPES pe ANDRADE 


Director of the Gama Pinto Ophthalmological Institute and 
Professor of Medicine, University of Lisbon 


MEDICAL treatment has undergone revolutionary changes since the 
recent discovery of many new therapeutic agents, and this progress 
has been fully shared by ophthalmology. Such advances have 
unfortunately been accompanied by the appearance, in both scientific 
and popular periodicals, of quite incredible claims for the therapeutic 
effect of certain remedies. Trachoma, a widespread and in- 
capacitating disease, has been the subject of many such communica- 
tions, and surgeons with a limited experience of the condition are 
left in doubt as to which of a number of chemical and antibiotic 
agents should be exhibited in their method of treatment. 


DIAGNOsIS 


In trachoma, the necessary criteria for its early diagnosis must first 
be considered, and by this I mean the pathognomonic signs of the 
disease. The aetiology is still uncertain, and I agree with Duke-Elder 
(1943) that “ at the present time we must admit that the organismal 
cause of trachoma is unknown”. Certain workers, including 
Thygeson (1934 a, b; 1937), Thygeson and Proctor (1935), Cuénod 
and Nataf (1930, 1937), Busacca (1937), and Poleff (1948), have con- 
sidered this aspect of the disease without conclusively demonstrating 
the causative agent. Prowazeck’s inclusion bodies can be found in 
other conditions (Gabriélidés, 1927), but their incidence is much 
higher in trachoma. Of the laboratory examinations, the blood count 
is of considerable help, and in a large number of cases which I have 
investigated there has been a remarkably consistent lymphocytosis. 
If this change occurred early in the disease, and if the patient with 
trachoma did not tend to have a “ lymphatic constitution ”’, the 
diagnostic value of this observation would be enormous. This, 
however, is not the case, and the blood picture must be considered in 
association with other features of the disease, the most important of 
which are the clinical appearances. 


The two most valuable clinical findings in the initial diagnosis are 


* Received for publication March 22, 1951. 
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granulations and pannus. The granulations are peculiar in structure 
and are generally seen in the upper fornices, but non-trachomatous 
granulations may also be observed, which are similar in distribution 
and of identical morphology even on slit-lamp examination. 
Incipient pannus is a very important sign, but must not be confused 
with an increased vascularity of the marginal plexus, nor with 
cornea) vascularization due to other causes. Unfortunately, pannus 
does not appear in every case of trachoma. 

Along with these uncertainties in the initia) diagnosis, we must 
consider the possibility of other conjunctival diseases in which 
granulations are found. These conditions I include in the large 
group of “ granuloses of the conjunctiva”. They are more usually 
described as the follicular conjunctivitides, but the hyperplasia which 
can be observed occurs in the adenoid layer of the conjunctiva, 
and is not a true follicle but a granuloma. 

A provisional classification, which I have used myself since 1942, 
is as follows: 


(1) Allergic granuloses associated with 


(a) spasmodic coryza or hay fever, 

(5) drug irritation (e.g., atropine, eserine, butyn), 

(c) chronic infections due to the staphylococcus or Koch-Weeks bacillus, 
(d) (in children) benign conjunctival folliculosis. 


(2) Irritative granuloses 


(a) caused by foreign bodies (e.g., dust of rhyzome of Helleborus odorus), 
(b) secondary to skin diseases (e.g., acanthosis nigricans, molluscum contagiosum). 


(3) Infective granuloses 


(a) Béal’s acute granulosis, 

(6) Axenfeld’s chronic granulosis, 
(c) swimming-bath conjunctivitis, 
(d) trachoma. 


Each of these conditions has characteristic features in the history 
and symptomatology which assist in the differential diagnosis. In 
the early stages, however, confusion of other conjunctival diseases 
with trachoma may occur, and for this reason a number of the 
therapeutic results reported in the literature are unduly optimistic. 

In the early stages of trachoma, when clinical and laboratory 
findings do not fully substantiate the diagnosis, little help can be 
given by anatomopathological investigation. As the disease develops, 
the histological changes which appear are remarkably constant, and 
do not occur with a similar regularity in the other granuloses. The 
essential features are the papilla and granulation, and in these two 
distinct zones are always found: 


(1) the central epithelial zone, 
(2) the peripheral lymphocytic zone. 
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Fic. 1.—Two zones of 
granulation, showing 


Leber’s cells and vesicular 


cells. 


Fic. 2.—Vesicular cells, 
high magnification. 


In both zones there are, in addition, three cellular elements: plasma 
cells, Leber’s cells, and vesicular cells (see Figs 1 and 2).* 


Thus the diagnosis of early trachoma can be made with fair 
certainty if the clinical, laboratory, and histo-pathological findings 
are considered together, the following being the important features 
in each group: 


(1) Clinical findings 


(i) granulations in upper part of conjunctival sac, 
(ii) incipient pannus, 
(iii) early scarring in some cases, 
(iv) resistance to the general forms of treatment. 





* These were first described by the present author (de Andrade, 1930), and their existence was confirmed 
n a letter written to me by Redslob. 
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(2) Laboratory findings 
(i) Prowazeck’s inclusion bodies, 
(ii) lymphocytosis. 

(3) Histo-pathology 


(i) granulations with two distinct zones, 
(ii} presence of plasma cells, Leber’s cells, and vesicular cells. 


THERAPY 


In spite of the recent developments of a number of chemo- 
therapeutic and antibiotic preparations, the classical treatment of 
trachoma by means of copper, silver nitrate, and the sulphonamides, 
must be in some part retained. The mechanical destruction of the 
trachomatous granulations, and the action of diathermy coagulation 
and irradiation are local measures which remain of great value in 
controlling the disease and limiting its late manifestations. 

Among the antibiotics, penicillin is of great value, not as a specific 
agent against trachoma, but in the eradication of secondary infection. 
An attempt to cure trachoma by the use of this drug alone will only 
result in the false assumption that the condition has been rendered 
harmless; it will continue to develop in the affected patient, and by 
its contagious nature will spread to others. More recently, some 
authors have stated that trachoma can be cured with aureomycin. 
I have personally studied the effect of this antibiotic on a group of 
patients, and have concluded from a study of the laboratory, clinical, 
and histo-pathological data that 

(1) aureomycin applied locally and given systemically for periods 
varying from 10 days to 2 months did not cure patients with 
trachoma in the first, second, and third stages, 


(2) in most cases there is a subjective improvement, due, I think, to 
the disappearance of secondary infection, 


(3) when the conjunctival granulations were improved or cured by 
aureomycin, they were not in fact of trachomatous origin. 


These findings were presented in the Trachoma Section of the 
XVI International Congress of Ophthalzaslogy, London, 1950 
(de Andrade, 1949). 


In conclusion, I should like to present a simple scheme which has 
been in use for some years at the Instituto Oftalmologico de Lisboa 
for the treatment of trachoma in its various stages. 


INVASION PERIOD.—If there is much secretion, the tarsal conjunctiva is 
painted with a 1 per cent. solution of silver nitrate, and is cauterized three 
times a week with a copper sulphate pencil. The silver nitrate may be 
replaced by aureomycin drops used 2-hourly. At night, penicillin jelly, 
noviform, or boric acid is introduced into the conjunctival sac. 
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INTERMEDIATE STAGE.—In the presence of corneal lesions and pannus, 
sulphonamides should be given systemically, and atropine locally, in 
conjunction with penicillin or noviform. As soon as improvement 
becomes evident, the mechanical destruction of the trachomatous tissue 
should be undertaken, especially in the recesses of the superior fornix, 
and cautious cauterization with copper sulphate may also be employed. 


CICATRICIAL STAGE.—Secondary infections are dealt with by the usual 
methods, and yellow oxide of mercury in jelly, and vitamin A preparations 
may be used in addition, the latter to resist the tendency to xerosis. 
Copper sulphate in glycerol is another preparation of value. Fibrous 
contractures of the lids should be treated surgically. 


This is a simple scheme that may easily be altered in accordance 
with the knowledge and experience of the ophthalmic surgeon 
treating the case, taking into account the progress of the disease and 
' the personal reaction of the patient. The following Table shows the 
types of treatment available at various stages of the disease. 





























TABLE 
TYPES OF THERAPY AT VARIOUS STAGES OF TRACHOMA 
Copper 
Sulphonamides 
: : ine 
Chemical \ Zinc 
Jequirity 
Antibiotics 
| Silver nitrate 
. Massage 
| Mechanical { | Expression 
Medical ‘ ; | 
| Physical + a Diathermy coagulation 
| Electrical { Galvano-cauterization 
Ultra-violet light 
(| Protein therapy 
Biological /| Vaccine therapy 
Local auto-haemotherapy 
Pannus 
Surgical ies | Entropion and Trichiasis 
Blepharophimosis 





More recently I have used diathermy coagulation in conjunction 
with the instillation of cortisone over a period of 8 days for the 
destruction of granulation tissue. The cortisone has, of course, no 
curative action in trachoma, but it does reduce the inflammatory 
reaction which normally follows diathermy coagulation. It is 

















606 LOPES DE ANDRADE 


found in this condition, as in other ocular inflammations, that 
cortisone is more effective when there is a preponderant allergic 
factor. In some cases of trachoma, where there is an associated 
diffuse iritis, this anti-allergic action of cortisone may be of especial 
value. To prevent secondary infection, penicillin jelly may be used 
in conjunction with the diathermy coagulation and cortisone. The 
results of this recent development in treatment seem to me to be 
satisfactory, but it is still too early to form a definite opinion. 


I should like to thank the Lederle Laboratories of America for their help in providing 
aureomycin for this investigation. 
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PROPTOSIS CAUSED BY HYDATID DISEASE* 
. BY 
AHMAD BEY HANDOUSA 
Fouad I University, Cairo, Egypt 


HyDATID disease is a very rare cause of proptosis even in countries 
where it is endemic. It is therefore worth recording an analysis of 
the main features of three recent cases. 


MODE OF DEVELOPMENT.—This disease is also termed echinococcosis, or 
hydatid cyst formation; it results from the ingestion of food contaminated 
with the eggs of the tape-worm Echinococcus granulosus. The embryo is 
released in the intestines, attaches itself to the mucosa, and makes its way 
into the portal circulation, by which it is carried to a capillary barrier, 
where it settles down, and, if not overcome by the reaction of the 
surrounding tissue, develops into a “ hydatid cyst”. This hydatid cyst 
is the larval form of the tape-worm, man being the intermediate host. 
The adult worm is usually harboured by the dog, which is one of the main 
definitive hosts. 

The commonest site for hydatid cyst.in man is the liver. Statistics in 
endemic areas show that in man hydatid cysts of the liver constitute 
75 per cent. of cases. This is because, on account of their size, most of the 
embryos cannot pass through the capillary connection between the portal 
and hepatic veins and therefore settle in the liver. The smaller embryos 
are carried by the blood to the hepatic vein, reach the pulmonary, circula- 
tion, and meet with a second barrier in the pulmonary capillaries. Here 
they are filtered and some have to settle and develop into hydatid cysts 
there. In man these form about 5 to 10 per cent. of the cases. 

Embryos that escape the two barriers of the liver and lung capillaries are 
carried to the left side of the heart and distributed to various parts of the 
body. Statistics show that the kidneys and brain are the two main 
organs infected in this way. The orbit is one of the rarest sites to be 
involved; according to Khalil (1939), the incidence of hydatid disease of 
the face, orbit, and mouth together, ranges between 0.8 and 2.3 per cent. 
in endemic areas. 

Types oF Cyst.—Under optimum conditions an echinococcus embryo 
normally develops into a uniiocular cyst, containing hydatid fluid, scolices 
(taenia heads), and in some cases brood capsules. As a result of the 
normal reactions of the tissues of the body, this cyst is enveloped by a 
thick fibrous capsule termed adventitia or pericyst. The wall of the 
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hydatid cyst is whitish, glistening, and firm; it is made up of a laminated 
layer, essentially free of nuclei, lined by a protoplasmic nucleated germinal 
layer. From this lining layer, scolices and brood capsules develop. 
Therefore, in the course of exploration a dense fibrous layer is found 
surrounding the true hydatid cyst which is whitish and shining. 

Occasionally the echinococcus embryo does not develop into a typical 
cyst with circumscribed boundaries, and the germinal layer is thus capable 
of sending out processes into the neighbouring tissues and giving rise to 
metastasis along the lymphatics and blood vessels in distant organs. This 
is termed the alveolar type. According to Faust (1939) this type of 
infection is more common in older patients. 

An embryo that is caught in a closely confined bony canaliculus seems 
incapable of developing into an ordinary unilocular cyst, but grows and 
permeates all the available bony spaces causing serious destruction of the 
bone involved; this is termed the osseous type of cyst. 


The symptoms produced by the unilocular hydatid cyst depend 
mainly on its size and site, but hydatid toxin may leak out and be 
absorbed into the system of the host, thereby producing allergic 
manifestations. Eosinophilia occurs in only 20 to 25 per cent. of 
diagnosed cases (Faust, 1939), and the specific precipitin complement- 
fixation tests, and intra-dermal reactions are not constantly present. 
In view of this and because of the rarity of the-disease in the orbit, 
hydatid disease in this region is likely to be missed, which may lead 
to such serious consequences as rupture of an unsuspected fertile 
cyst, resulting in a spread of infection to the neighbouring tissues. 





CASE REPORTS 


Case 1. L. H., female, aged 10 years.—When seen in 1936 she complained of 
gradually increasing right-sided proptosis of 4 years’ duration (Fig. 1). The condition 
was painless and associated with no constitutional disturbances. The general conditidn 
of the patient was quite good, there had been no allergic manifestations and diplopia 
was not complained of. The right eyeball was proptosed mainly forwards with no 
limitation of movements; there was severe congestion of the conjunctiva with chemosis 
of its lower part; the lower eyelid and the inner part of the upper, were also chemosed. 
The lids could not close over the proptosed eyeball, but fortunately the cornea was 
free of ulceration. - 

On palpation a very tense swelling (? cyst) was felt below and to the inner side of 
the eyeball; 11 was not tender. The margins of the orbit were intact, but the right 
inferior orbital margin was felt to be lower than the left one. 

The right fundus showed papilloedema. 

Intra-nasally no abnormality was detected. 

Radiologically the cyst gave a very dense shadow overlapping the right side of the 
nose, the lower half of the right orbit, and the right maxillary antrum. It was of 
uniform density (Fig. 2). 

General medical examination revealed no abnormality. 

Systematic laboratory investigations revealed 11 per cent.”eosinophilia; the precipitin 
and complement-fixation tests were negative. 

During exploration a fibrous mass was found adherent to the floor of the orbit and 
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to all the neighbouring soft tissues; and a firm, whitish, shining sac bulged out separating 
it from the bone. This was shelled out and the fibrous mass removed. The sac 
was found to be a hydatid cyst full of opalescent fluid, and containing three 
grape-like daughter cysts. The fibrous 
mass surrounding it was recognized as 
the adventitia. - 

Microscopic examination proved that 
the cysts were all sterile and contained 
only degenerate scolices. 





Fic. 1.—Case 1, showing right prop- Fic. 2.—Case 1, radiograph demonstrating 
tosis produced by development of dense opaque shadow of hydatid cyst. 
intra-orbital hydatid cyst. 


Case 2. N.S. R., female, aged 12 years. When seen in 1946 she complained of 
right proptosis of 3 months’ duration which was ascribed to trauma (Fig. 3, overleaf). 

As a result of panophthalmia in infancy the patient had developed a nebula on each 
cornea. She had no history of any allergic manifestations and diplopia was not 
complained of. The proptosis was mainly forwards and outwards, associated with 
slight inward and downward limitation of eyeball movements. The right conjunctiva 
was congested. 

On palpation a cystic swelling was felt to be stretching the inner part of the right 
upper eyelid, and extending deeply into the right orbital cavity; its extent and attach- 
ments could not be ascertained. It was not tender and appeared to follow the 
movements of the eyeball. The skin of the lid was not adherent to it. The orbital 
margins were felt to be intact. 

Nasal examination revealed no abnormality. 

Radiological examination showed that the right orbit was dilated mainly at the 
expense of its inner wall (Fig. 4, overleaf), but the cyst was not visible. 

The right ethmoid and maxillary sinuses were opaque and‘the right frontal sinus absent. 

Systematic clinical and laboratory tests revealed anaemia (Haemoglobin 58 per cent.) 
and eosinophilia 15 per cent. 

Precipitin and complement-fixation tests were negative. On exploration a unilocular 
hydatid cyst was found mainly inside the muscle cone, lying above and on the sides of 
the optic nerve, following it back to the optic foramen; the inner and anterior part 
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of the cyst was protruding out into the orbital tissues outside the cone, and this 
was. the part that was presenting under the lid. The 
adventitia was thinner in this case than in Case 1. 












Fic. 3.—Case 2, right prop- Fic. 4.—Case 2, radiograph showing primary 

tosis produced by hydatid dilatation of the orbit resulting from develop- 
P cyst lying mainly inside the ment of hydatid cyst. 

muscle cone. 


This cyst was full of hydatid fluid and scraping of the germinal layer proved it to be 
fertile; Fig. 5 demonstrates the cyst wall with a scolex inside. 








Fic, 5.—Case 2, photomicrograph of portion of hydatid cyst. 
A—Germinal layer. C—Cyst cavity. §.—Scolex in section. 





Case 3, male, aged 9 years. When seen in 1950, he complained of \cit-sided, 
gradually increasing proptosis, associated with failing vision, of 5 months’ duration. 
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The condition was not associated with fever or any constitutional disturbances. It 
was painless. There was no history suggestive of allergic phenomena, and diplopia was 
not complained of. The proptosis was directed forwards, upwards, and inwards 
with limitation of eyeball movements downwards and outwards. The cornea was 
intact. The left pupil was slightly dilated compared with the right, but reacted well 
to light. A cystic swelling thought to be the cause of the proptosis was felt in the 
lower and outer part of the left orbital cavity. The bony margins of the left orbit were felt 
to be intact. Vision in the left eye was 6/24, and the left fundus appeared to be normal. 

Nasal examination revealed double maxillary sinusitis and an adenoid mass. The 
general medical condition was good. 


Radiological examination did not reveal the cyst, but the left orbital cavity was 


seen to be bigger than the right (primary orbital dilatation), 


B* 
A—Hydatid cyst proper 
B—Adventitia 


Fic, 6.—Case 3, radio- 
graph taken after 
Vipiodol filling of cyst, 
showing double-walled 
cyst. 





Laboratory tests showed eosinophilia 7 per cent. The precipitin and complement- 
fixation tests were negative. 

In view of the position of the cyst and in the light of previous experience, a hydatid 
cyst was suspected; aspiration, lipiodol filling, and re-x-raying were attempted. The 
cyst fluid showed no cellular elements or scolices, and was bacteriologically sterile. 


Chemically it contained: Protein ... ... 250 mg./100 ml. 
Sugar... .-» 63 mg./100 ml, 
Chloride... .... 710 mg./100 ml. 


X ray demonstrated a double-walled cyst (Fig. 6). The radio-opaque lipiodol 
filled the cyst cavity and the spaces between the two walls, This favoured the diagnosis 
of hydatid cyst. 
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On exploration, a unilocular cyst was found lying in the orbital cavity outside the 
muscle cone; embedded (as in Case }) in thick fibrous tissue (adventitia) which was 


firmly adherent to the surrounding tissues. There were no daughter cysts. Micro- 
scopically scolices and echinococcus hooks were demonstrated, proving the cyst to 


be fertile. 
Caseni’s intradermal test was carried out 2 weeks after operation and was found to 
be negative, denoting the absence of any other hidden focus. 


COMMENT 


_ (1) Ace INcmence.—According to Faust (1939), echinococcus 
infection occurs as a rule in childhood and an embryo takes only 


five months to develop into a cyst | cm. in diameter, Such a cyst in 
such a confined cavity as the orbit is sure to produce symptoms, and 
hence the early recognition of this disease when it affects the orbit. 
The age of 9-12 years in my cases represents the average age incidence 


in orbital cases. 


(2) DIAGNOSIS.—The positive findings in favour of hydatid disease 
in my cases were the presence of a cystic swelling and eosinophilia. 
There were no allergic manifestations and the specific precipitin and 
complement-fixation tests were negative. The-negative results of 
these tests increase the difficulty of diagnosis. Cyst puncture is 
claimed to be inadvisable as liable to evoke allergic manifestations 
or even cause the disease to spread. It was, however, tried in Case 3 
and proved of more value than the specific tests usually done, being 
followed only by a certain amount of oedema which disappeared in 
three days, without much discomfort to the patient. The fluid 
withdrawn, although negative for scolices, was typical of hydatid 
fluid, and the lipiodol filling demonstrated a double-walled cyst, a 
finding which to my knowledge could be given only by a hydatid cyst. 

A careful aspiration of the cyst, followed immediately by lipiodol 
filling while the needle is still inserted is, in my opinion, worth trial 
in similar cases. Its diagnostic value is seenin Case3. The lipiodol, 
which is a strong solution of iodine, may also be enough to kill the 
living elements of the parasite before surgical intervention, and thus 
prevent spread of the disease if the cyst is accidentally ruptured 
during operation. 

Simple radiography demonstrated two important points in my 
three cases: 

(a) The cyst may throw a demonstrable shadow and its boundaries may be fully 
defined as in Case 1. This is of value in guiding the operator. 

(b) The orbit could be dilated by the development of a cyst in its cavity. This was 
seen in Cases 2 and 3, but in Case 1, although the orbital cavity was dilated, the dense 
opacity of the cyst overshadowed a large part of the orbital cavity so that its size could 
not be judged from the radiograph. 
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This point was discussed in a previous communication (Handousa 
Bey, 1947), and it was shown that the same appearance could also 


be caused by other intra-orbital tumours. 
Exploration has proved to be the most reliable method of 


diagnosis, and microscopic examination of scrapings from the lining 
of the cyst has been the best way of finding out whether the cyst is 


fertile or sterile. 


(3) Post-OPERATIVE CoURSE.—Recovery after operation was 
uninterrupted. There was no sign of spread or recurrence of the 
disease, but the first two cases developed enophthalmos. This was 
avoided in Case 3 by preserving part of the adventitia, which is due 
to a reaction of the tissues of the host and is not a part of the 
parasite. A portion of the adventitia of appropriate size was left 
behind and was enough to prevent sinking in of the globe. 


SUMMARY 


A study of three cases of intra-orbital hydatid cysts shows that: 
(1) X-ray examination after lipoidol filling of the cyst can be of 
diagnostic value and is worth trial in similar cases. 


(2) The enophthalmos which is liable to follow removal of the 
cyst can be avoided by leaving in situ a portion of the adventitia 


sufficiently large to prevent sinking in of the globe. 


My thanks are due to Prof. Hilmy and Dr. Hashem of the Fouad I University, Cairo, 
the staff of the department of Clinical Pathology under the directorship of Prof. Omar Bey, 
the staff of the department of Radiology under the directorship of Prof. Ragheb Bey, 


and Dr. Adly Yassin for their help in investigating these cases. 
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FACTORS AFFECTING THE PENETRATION OF 
ANTIBIOTICS INTO THE AQUEOUS HUMOUR* 


BY 


MAURICE LANGHAM 
Ophthalmological Research Unit, Medical Research Council, 
Institute of Ophthalmology, London, W.C.1. 


ESSENTIALLY the blood-aqueous barrier comprises the layers of cells 
which separate the blood of the capillary vessels within the globe 
of the eye from the intra-ocular fluids. Elucidation of its nature 
by dynamic studies has thrown considerable light on how 
substances circulating in the blood plasma pass into the aqueous 
humour. Water readily crosses all the cellular barriers bounding 


the anterior and posterior chambers of the eye at a much greater 


speed than substances dissolved in the plasma. The latter enter the 
eye at widely varying rates, but in general it has been found that 
substances readily soluble in fat solvents pass through the blood- 
aqueous barrier faster than those readily soluble in water; thus 
ethyl alcohol travels approximately five times as rapidly as the 
fastest water-soluble compound studied. 

Consideration of the solubility characteristics of the chemo- 
therapeutic substances recently introduced into clinical practice 
reveals that in general they are soluble in both water and lipids. 
The sulphonamides undergo ionization in the blood stream, and 
consequently exist as charged ions strongly soluble in water, and as 
uncharged molecules sparingly soluble in water but markedly soluble 
in ether and fats. The relative distribution of the two forms is such 
that the sulphonamides exist mainly in the uncharged form, soluble 
in fats. In similar manner, penicillin undergoes ionization in the 
blood stream and exists as water-soluble ions and as uncharged, 
undissociated fat-soluble molecules. Ionization of penicillin under 
these conditions is nearly complete, there being approximately one 
uncharged particle for every thousand ions. Thus sulphonamides in 
the blood stream exist predominantly as particles soluble in fats, 
whilst penicillin exists almost completely as ions insoluble in fats. 

In the present work an attempt has been made to find a correlation 
between the rate of entry of the antibiotics into the aqueous humour 
and their physico-chemical character, and to investigate the premise 
that lipoid solubility is the main factor influencing speed of entry. 





*Received for publication July 5, 1951. 
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METHODS 


The following crystalline compounds were used*: 
p-hydroxybenzyl penicillin (X), 
benzyl penicillin (G), 
2-pentenyl penicillin (F), 
n-amyl penicillin (dihydro F), 
n-heptyl penicillin (K), 
procaine benzyl! penicillin (procaine penicillin G), 
3-(B-naphthylazo)- 4-hydroxybenzyl penicillin (naphthylazo penicillin X), 
chloromycetin. 

Diffusion studies were carried out on conscious rabbits, a steady concentration of the 
antibiotic in the plasma being maintained by periodic intravenous injection. 
Paracentesis was performed under local anaesthesia (pantocaine solution). Experimental 
results were rejected if the aqueous humour contained significant amounts of protein. 

Excluding chloromycetin, all estimations were carried out by the standard Oxford 
cup-plate technique, a control series being run alongside each series of determinations. 
Chloromycetin was estimated chemically by the Bratton-Marshall method for 
sulphonamides, being preceded by a reduction of the aromatic nitro group with zinc 
dust and dilute hydrochloride solution. 

The degree of binding or adsorption on the plasma proteins was investigated with the 
dialysis chamber as described by Davson and others (1949a). In this apparatus, the 
blood plasma in a collodion sac is dialysed against isotonic sodium chloride solution. 
Estimation of the partition coefficient was made by dissolving the antibiotic in a 
0.01 M. phosphate buffer solution of pH 7.4, adding ether and equilibrating on a shaker 
for two hours, and then estimating the concentration of the antibiotic in each phase. 


RESULTS 


The degree of binding of the compounds on some non-diffusible 
constituent of the plasma is recorded in Table I. Plasma containing the 
antibiotic was removed at the end of the experiment and dialysed against 
isotonic saline for 2 hours at room temperature. This length of time was 
found adequate for attainment of the equilibrium value; dialysis at room 
temperature instead of at blood temperature was found not to affect the 
degree of binding. In all cases the concentration of antibiotic in the 











TABLE I 
PERCENTAGE OF PENICILLIN BOUND TO PLASMA PROTEIN 
| | 

Antibiotic | Arithmetic | S.E. No. of 

| mean Experiments 
WRT sic. ane es uae? a a 4 
Procaine penicillin G nF re ada] 27 | +4°5 
Dihydro penicillin F ae ts avers} 75 +2:3 3 
Penicillin K ... a a aus see} 73 +3-2 4 
Naphthylazo penicillin X ... we sta} 100 | 
Chloromycetin £5 wes os rane 30 | +2°5 | 5 


| | 


*Samples of the natural penicillins were supplied by the courtesy of Boots Chemists, Nottingham, and 
the synthetic 3-(B-naphthylazo) - 4 - hydroxybenzyl penicillin by the Northern Regional Research 
Laboratories of America. 
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plasma was found to be higher than in the saline. Naphthylazo penicillin 
was found to be completely adsorbed, this presumably being due to the 
presence of the azo group; likewise azo dyes are known to have a strong 
adsorption affinity for tissue proteins. 

The relative speeds of penetration across the blood-aqueous barrier into 
the aqueous humour are expressed in Table II. With the concentration 
of the antibiotic in the plasma maintained approximately constant, the 
first sample of aqueous humour was withdrawn at between 20 and 30 min. 
and the second at 40 to 60 min. The constant of entry (Ka) has been 
calculated according to the treatment of Davson and Quilliam (1940). 
The limitation of this equation to express the true rate of entry (Davson 
and others, 1949b) means that the recorded values must be considered as 
first approximations. Preliminary experiments showed that the normal 
aqueous humour contains no antibiotic; however, with chloromycetin it 
was considered advisable to remove the first sample of aqueous humour 
before beginning of the experiment for use as a blank. 


TABLE II 
RATES OF PENETRATION (K,*) INTO AQUEOUS HUMOUR 


| | 











l 
Antibiotic Arithmetic | S.E. |_ No, of 
mean | Experiments 
PenicillinG...  ... 3-80 Pe ae aT 
Procaine penicillin G 4-94 +0-6 7 
Dihydro penicillin F 5-80 +1:1 6 
Penicillin K ... Ba 12-45 +1-1 10 
Chloromycetin 68-0 +2:-0 Sae 








(S—A:) 1 S=Mean plasma antibiotic concentration. 
—* - —__—. Ai=Initial aqueous concentration at time fi. 
(S—Az) — (te—ti)_4,— Final aqueous concentration at time 2. 


Time expressed in hours. 

The results summarized in Table III show-the relative affinity of the 
compounds studied for ether and phosphate buffer (pH 7.4). The 
substance dissolved in 0.1 M. phosphate buffer was shaken with ether for 
3 hours at room temperature, and the concentration of substance in each 
phase measured. The higher values of the partition coefficient indicate a 
greater affinity of the substance for lipoid solvents. 


TABLE Iil 


THE ETHER/WATER PARTITION COEFFICIENT IN 0-01 PHOSPHATE 
BUFFER pH 7-4 


* Permeability constant Kg = 100 log 








Antibiotic Coefficient | No. of 
| Experiments 

Penicillin G i A pea 7 ay Vi 0-0004 3 
Procaine penicillinG ...  .. ..  .. we | = 00003 | 3 
Dihydro penicillin F _... oe ae ss ans 0-0004 | 2 
Penicillin F uy Bs he me Be apts 0-:0002 | 3 
Penicillin K se ie ss ihe Yes ae, 0-0025 3 
Naphthylazo penicillin X Sis ai a >0-004 

Chloromycetin ... iy fe. si = a 4-25 5 








oe OS tte Sete tet ae eh Oe oe ee kc ke ES 
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DISCUSSION 


The inability of substances soluble in water above a certain 
molecular size to penetrate into the aqueous humour has been used 
as experimental evidence to support the concept that the blood- 
aqueous barrier shows sieve-like properties. The disaccharide, 
sucrose (mol. wt. 342), travels across the blood-aqueous barrier 
approximately six times more slowly than the monosaccharides 
(mol. wt. 180), whilst raffinose, a trisaccharide (mol. wt. 504), is 
completely unable to pass across the barrier (Weld and others, 1942). 
The proteins of the plasma belong to this class of compounds, and 
because of their molecular size do not penetrate the blood-aqueous 
barrier. Adsorption of a substance on the proteins of the plasma 
will mean that it will not be able to penetrate the blood-aqueous 
barrier. In the present study, all the antibiotics have shown a 
marked affinity for the proteins of the plasma. In the case of the 
synthetic napthylazo penicillin, adsorption was found to be complete 
and none passed the blood-aqueous barrier into the aqueous humour. 
Thus it is obvious that the binding of the antibiotics to the proteins 
of the plasma, coupled with the fact that the blood-aqueous barrier 
is impermeable to these proteins, means that only the unbound 
fraction of the antibiotic in the bloodstream will be free to pass into 
the aqueous humour. Thus a knowledge of the degree of binding 
of a compound on the proteins of the plasma is essential to estimate 
the concentration of the compound in the plasma free to diffuse 
across the blood-aqueous barrier. In many abnormal conditions of 
the eye, the restraining influence of the barrier to the passage of 
proteins breaks down, and in consequence the amount of antibiotic 
free to pass across the barrier is likely to increase. This was seen 
in the present work where the secondary plasmoid aqueous humour, 
formed after removal of the normal protein-free sample of the 
aqueous humour, was found to contain a concentration of antibiotic 
equal to that in the plasma, but still bound to protein. 

Owing to a drainage in bulk of the aqueous humour from the eye, 
it is found that substances which accumulate in the aqueous humour 
below a certain speed never reach a concentration equal to that in 
the plasma. This is exemplified by urea, whose concentration in 
the aqueous humour at the time of equilibrium is only 75 per cent. 
of that in the plasma. An equilibrium of this nature is referred to as 
a “steady-state”. For convenience, this value is generally referred 
to as a steady-state ratio, denoted by Req, which may be defined as 
the ratio of the concentrations of a substance in the aqueous humour 
and the plasma water when the concentration in the aqueous 
humour is no longer rising. This type of dynamic equilibrium is in 
marked contrast to what occurs in non-living systems. Thus if a 
membrane separates two concentrations of a substance in solution to 
which the membrane is permeable, this substance will travel across 
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the membrane until the concentrations on either side are equal; 
chemical equilibrium is then said to exist. Excluding chloromycetin, 
all the substances studied diffuse across the blood-aqueous barrier 
more slowly than urea, and in consequence their concentration in the 
aqueous humour will always be less than 75 per cent. of that found 
free in the plasma. Chloromycetin, however, passes in faster than 
urea and in consequence its steady-state will be greater than 0.75. 
The maximum steady-state ratio for a non-electrolyte that enters by 
diffusion is unity; that is, the concentration in the aqueous humour 
will equal the concentration in the plasma. In the case of chloro- 
mycetin, the ratio will certainly be nearer unity than 0.75 for it 
travels across approximately five times faster than urea. This 
conclusion is supported by the finding that methyl thiourea which 
enters the aqueous humour slightly more slowly than chloromycetin 
has a steady-state ratio of 0.95 (Ross, 1951). 

The partition coefficient expresses the distribution of a substance 
between two immiscible solvents, e.g., oil and water. A substance 
soluble in oil only will dissolve in the oil phase when added to a 
mixture of oil and water; likewise an oil-insoluble compound like 
glucose will remain completely in the aqueous phase. It follows that 
the partition coefficients of substances strongly soluble in water will 
be low, e.g., glucose 0.0000045, sucrose 0.0000011, and a-alanine 
0.000014, whilst for strongly lpoid substances the values will be 
high, e.g., alcohol 0.26 and ether 10 (Collander, 1949). The 
compounds studied in the present work have characteristics which 
place them between these two extremes. The relation between the 
rates of entry and the value of the partition coefficient is summarized 
in the Figure. Three results have been taken from the work of 
Davson and others (1949) to give a more representative idea of the 
general relationship. An increase in the value of the partition 
coefficient indicates an increased lipoid solubility. It will be noted 
that there is a general relationship between the rate of entry and the 
lipoid solubility of the compound. Penicillin, which exists in the 
plasma in the strongly water-soluble ionic form, penetrates the blood- 
aqueous barrier very slowly; in contrast, chloromycetin which is 
more soluble in fat solvents passes very readily across the barrier. 
Investigating a related series of non-electrolytes, Ross (1951) has 
similarly demonstrated a direct relationship between the rate of 
entry into the aqueous humour and lipoid solubility. 

Further consideration of the Figure suggests that the molecular 
weight, or size, of these compounds has no marked effect on their 
rate of entry. Chloromycetin travels across the barrier approx- 
imately twenty times more rapidly than penicillin G, yet these 
two compounds have similar molecular weights (penicillin G 334, 
and chloromycetin 335). This supports the view that it is the relative 
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affinity of these compounds SULPHANILAMIDE (Mol. wt.470) @ 
for the lipids of the cell mem- “°° Ds ties Gs 
branes which determines their isgoeniicakes “ieik coadine 
rate of entry. When we com- 
pare penicillin K with dihydro 
penicillin F, we find that, 
though the molecular weight 
of penicillin K (342) is appre- 
ciably higher than that of 
dihydro penicillin F (312), peni- 
cillin K passes through the 
barrier two or three times faster. 
These present results sup- = 
port the concept that the POS, 2, APP ON 
blood re apentant barrier has Fiure. —Permeability of blood-aqueous 
both sieve and lipoid proper- barrier to various antibiotics. 
‘ ties. It would seem probable Ordinate: rate of penetration into aqueous humour 


expressed as permeability constant Ka. 
t h at com p oun d s stron g l y Abscissa: lipoid solubility expressed as ether/water pH 


soluble in water, such as_ 7-4 partition coefficient. 
sugars an d amino aci ds, which (Sulphonamide values from Davson and others, 1949) 
have partition coefficients so low that for practical purposes they 
may be considered completely lipoid-insoluble, enter through inter- 
cellular spaces. The main evidence for this is the fact that the rate 
of entry is in inverse proportion to the size of the particle ; the size 
of the holes is shown by the fact that sucrose (mol. wt. 342) does 
pass into the anterior chamber whereas raffinose (mol. wt. 504) 
does not. In contrast, in the case of lipoid-soluble compounds, 
the present evidence indicates that size can be of only secondary 
importance, the rate of entry being proportional to the lipoid 
solubility of the compound. Results in the present study suggest 
that benzyl penicillin represents a compound whose physical character- 
istics place it on an arbitrary line dividing the two classes of 
compounds. It has a partition coefficient which is 10 to 100 times 
higher than that of the sugars and simple amino acids like a-alanine, 
but is still 10,000 times less than that of the strongly lipoid-soluble 
chloromycetin. It is suggested, therefore, that the effect of lipoid 
solubility on rate of entry becomes apparent for those compounds 
having partition coefficients greater than approximately 0.0004. 
Certain of the antibiotics recently introduced into general therapy 
have physical characteristics which indicate that they will pass the 
blood-aqueous barrier at very low speeds. Streptomycin is a lipoid- 
insoluble compound; therefore its entry will depend on its molecular 
size. Now it will be remembered that the limit of size of particles 
for a substance entering via the cellular spaces by simple diffusion 
is of the order of a mol. wt. of 500; streptomycin, having a mol. wt. of 
743, would not be expected to pass the barrier. This was confirmed 
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experimentally. in the case of rabbits. Aureomycin and polymyxin 
also are both compounds of a lipoid-insoluble nature and would not 
be expected to cross the barrier rapidly. 

If the concept of the barrier having both sieve and lipoid 
characteristics is accepted, the differences in rates of penetration 
between the substances entering solely via intercellular spaces and 
those entering across ce)) membranes is more easily explained. Whilst 
lipoid-soluble substances may enter through all the barriers bounding 
the aqueous humour, the presence of intercellular spaces is likely to 
be restricted mainly to the anterior surface of the iris, where there 
is only a thin incomplete layer of endothelium separating the aqueous 
humour from the blood stream. This view is supported by the 
results of Davson and Duke-Elder (1948) on the rate of diffusion 
of sugars across the blood-aqueous barrier. These workers found 
that rate of penetration tended to increase with a decrease in the 
size of the pupil, i.c., with an increase of the exposed area of the iris. 
In contrast, in the region of the ciliary body where active transfer of 
substances into the aqueous humour is known to occur, the barrier 
consists of the capillary endothelium, the lamina vitrea, and a 
double layer of epithelial cells, and here the likelihood of the barrier 
having sieve properties is small. 


SUMMARY 


(1) Determination of the rates of entry, the degree of adsorption 
on the proteins of the plasma, and the value of the ether/phosphate 


(pH 7.4) partition of various antibiotics has been made: 
(2) Results indicate that the rate of entry of the compounds may 


be related directly to their lipoid solubility as expressed by the 
ether/water (pH 7.4) partition coefficient. 


(3) The maximum concentration of an antibiotic in the aqueous 
humour of a normal eye for a given concentration in the blood 


stream is dependent not only on the rate of entry but also on its 
degree of adsorption on the proteins of the plasma. 


(4) Of the antibiotics in common clinical use, chloromycetin 
(chloramphenicol) passes the most readily into the intra-ocular fluids 


from the blood stream, so that with this method of administration 
a high concentration of the drug within the eye is readily attained. 


I should like to thank Sir Stewart Duke-Elder and Dr. H. Davson for their interest 


in this work. 
REFERENCES 
BRATTON, A., and MARSHALL, E. K. Jnr. (1939). J. biol. Chem., 128, 537. 
COLLANDER, R. (1949), Acta chemica scand., 3, 717. 
Davson, H. (1950). J. Physiol., Lond., 110, 416. 
——— ¢ni DUKE-ELDER, W. S. (1948). JIbid., 107, 141. 
—_—_— ——— and Maurice, D. M. (1949a), Jbid., 109, 32. 
Ross, E. J., and Woop, A. M. (1949b). Jbid., 108, 203. 
——— and QUILLIAM, J. P. (1940). Jbid., 98, 141. 


Ross, E. J. (1951). bid., 112, 229. © 
Weip, C. B., Fermsper, W. H., and Davson, H. (1942). Amer. J. Physiol., 137, 421. 























Brit. J. Ophthal., 35, 621. 


CASE NOTES 


OBSERVATIONS ON THE SUGAR CONTENT 
OF THE CEREBROSPINAL FLUID* 


FOSTER KENNEDY’S SYNDROME 


BY 


FRANK R. NEUBERT 
Princess Elizabeth Hospital, Guernsey 


CASE REPORT 


A MAN aged 48 was admitted tc hospital on April 12, 1951, with cerebral 
symptoms following influenza. He presented a picture similar to that 
of his wife who had had an attack two weeks previously and had 
recovered. 


Examination.—Upon admission he was drowsy but could be roused easily and co- 
operated with those who attended to him. The left frontal sinus was opaque to x rays, 


and nasal cocaine packs and inhalations of menthol co. were prescribed. There was 
no discharge from the nose. 
Cerebrospinal fluid examination gave the following results: 
Slight opalescence: small fibrin clot. 
Cell count—220 per cmm.—90 per cent. lymphocytes. 


Chlorides—672 mg. per cent. 
Sugar—88.8 mg. per cent. 


Gram.—no organisms seen. 
Smear deposit—T.B. negative. 
The laboratory suggested the possibility of a virus or tubercular infection. 
An ophthalmic opinion was required and fundus examination showed a papilloedema 
on the right eye with blurred disk, an elevation less than 1 mm, and some engorgement 
of the veins at the disk edge. The left eye showed a definite atrophy of the temporal 


quadrant and a diagnosis of a space-occupying lesion in the region of the left frontal 


lobe was made, 
Blood examination on April 13 showed: 
White blood count—17,800 per o (mainly polymorphs). 
Blood sedimentation rate—36 mm./| 
Progress of Disease.—A virus sind was suspected and chloromycetin and 
distaquin were given by injection. At this stage the left patellar reflex was markedly 
increased, and there was ankle clonus and an extensor plantar reflex, No other signs 


were elicited. 
On April 18 the cerebrospinal fluid examination showed: 

Marked xanthochromia. Opalescence. 
Total white count—2,700 per cmm.—80 per cent. polymorphs. 
Total red count—2,150 per cmm. 
Chlorides—672 mg. per cent. 
Sugar—42.5 per cent. 
No T.B. seen. 


Culture.—Blood agar—no growth after 48 hours. 





* Received for publication May 24, 195). 
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On April 23 a sample for guinea-pig inoculation for T.B, gave the following results: 


Xanthochromia. Opalescence. 
Total white count—690 per cmm.—60 per cent polymorphs. 


Chlorides—672 mg. per cent. 
Sugar—33.3 mg. per cent. 


ZiehI-Neelsen—No T.B. seen. 


Total protein—60 mg. per cent. 
Culture.—12 hours, no pathogens isolated. 


A second specimen gave the following results: 
Wassermann reaction negative. 
Total white count—15,000 per cmm.—95 per cent polymorphs. 
Chlorides—614 mg. per cent. 
Sugar—33 mg. per cent. 
Gram.—No organisms seen. 
Ziehl-Neelsen—No T.B seen. 
Total protein—100 mg. per cent. 


Culture —No growth after 24 hours. 

The fal) in the sugar content of the cerebrospinal fluid was marked and owing to 
the possibility of a tubercular infection, streptomycin was given intrathecally. The 
right fundus showed a questionable decrease in the papilloedema but the atrophy 
remained unchanged. The patient’s general condition fluctuated, but it was clear that 
it was gradually deteriorating. 

On April 24 the cerebrospinal fluid examination gave the following results: 


Total white count—13,000 per cmm.—95 per cent polymorphs. 
Chlorides—614 mg. per cent. 


Sugar—55 mg. per cent. 

Gram.—no organisms seen. 
Ziehl-Neelsen—No T.B. seen. 
Culture —No growth after 24 hours. 


The sugar content had risen and still no organism could be cultured. 
On April 26 the patient died. Autopsy showed a meningitis with a 
large column of thick pus tracking up from the sphenoid area forming 


an abscess in the left frontal region. Staphylococcus aureus was 
cultured. The frontal sinus appeared to be healthy. 


OBSERVATIONS 

This case is considered to be worth reporting because of the 
difficulties in diagnosis caused by the behaviour of the sugar content 
of the cerebrospinal fluid, a factor which I have not yet seen 
explained in the ophthalmic literature. An explanation of the fall 
from 88.8 to 33.3 mg. per cent. was suggested when enquiries elicited 
the fact that streptomycetin contains both a glucose radicle and a 
reducing substance, and chloromycetin a reducing substance. 
Differential diagnoses, therefore, should not be influenced by the 
sugar content of the cerebrospinal fluid after use of these drugs. It is 
conceivable that the original fall was due to the reducing action of 
the chloromycetin and that the level might have been still lower 
except for the glucose radicle. 


I am indebted to Mr. H. Wilson, technician in charge at the Board of Health 
Laboratory, Guernsey, for the figures quoted in this article, and to Dr. W. B. Fox for 


permission to quote from his clinical notes. 
REFERENCE 
Witson, H. (1951). Brit. med. J., 1, 1206. 
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APPLIANCES 


A NEW OCULAR PROSTHETIC AID 
THE INTRA-OCULAR IMPLANT* 


BY 
J. HORTON YOUNG 
Nottingham 


OCULAR implants have so transformed the surgery of the blind, 


degenerate, and badly-damaged globe as to have become a vital 
cosmetic factor in modern ophthalmic surgery (Allen and Allen, 
1950; Guyton, 1949a, b, 1950). For this reason ocular cosmetic 
inventions and techniques have become important in recent years 
(Cutler, 1949; Hudson, 1950; McDowell, 1950). I believe that a 
new device which will preserve the neuro-anatomy of the muscu- 
lature should be the basis of any future invention (Crawford, 1950; 
Culler, 1951). I have therefore invented a new prosthetic aid based 


on this principle. 


DESCRIPTION 
Briefly this is a plastic implant, peg-shaped, with two holes drilled 


through its body at right angles in different planes, which is inserted 
into a prepared and eviscerated globe. It is maintained in position 
by tantalum wires, which pass through the sclera on both sides well 
back and are fixed in position so that the implant is retained within 
the eviscerated globe. The peg (squared point) passes through a 
hole in the cornea, and acts as an obturator on which the prosthesis 
rests. Conjugate movement with the other eye is then possible 
owing to the mobility of the implant with its attached prosthesis. 


OPERATIVE TECHNIQUE 


The operation is carried out under retrobulbar anaesthesia, using 
novocaine 2 per cent. It is performed in five stages: 
(1). Preparation of the conjunctival and episcleral covering. 


(2) Incision into and evisceration of the globe. 
(3) Positioning and fixing of the implant with tantalum wires. 


(4) Repair of the globe. 
(5) Covering of the globe with implant in position. 
(1) Preparation of the Conjunctival and Episcleral Covering.— The 
conjunctiva is severed at its attachment to the limbus, and the conjunc- 


tival and episcleral tissues are separated from the sclera. Great care 
must be taken to define the position of the extrinsic ocular muscles, since 
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one must go fairly well back in preparing the conjunctiva and the 
episclera, as these tissues will be used finally to cover the implant with 
its protruding peg. 


(2) Incision into and Evisceration of the Globe.—The nature of the 
incision will depend on: 


(a) whether it is proposed to use a chronically inflamed or degenerate eye; 
(b) whether the eye has been previously perforated by a foreign body. 


(a) If the surgeon proposes to use a chronically inflamed or 
degenerate eye, the incision should be L-shaped and commence at the 
limbus on the inner or outer superior quadrants, running parallel to the 
upper border of the rectus internus or rectus externus respectively. 
When the incision is sufficiently long, about 15 mm., a right-angled 
extension of the incision is made towards the borders of the superior 
rectus. This accomplished, the globe is very carefully eviscerated, 
particular care being taken with the folds on the more inferior aspects 
of the globe as uveal tissue can be easily overlooked when the 
eviscerating incision has been made at an unusual angle. 


(b) If the eye has been the seat of a perforating wound, the operation 
can proceed as above, by an extension of the original wound in one or 
other of the quadrants mentioned 
and into the. substance of the 
cornea; if necessary, as in those 
cases in which the cornea has been 
perforated, it should be extended 
radially towards the centre. In 
this event, an extension of the 
incision posteriorly can often be 
limited, as there is readier access 
for the insertion of the prosthesis, 
but the cornea must be sewn up 
very strongly with nylon sutures, 
putting one as close to the peg as 
possible. The whole cornea and/ 
or sclera is taken up in suturing 
the globe. 
(3) Pasitioning and Fixing of the 
Implant with Tantalum Wires.— 
The implant for this operation is 
approx. 1” long, with a peg 8 mm. 
long having a squared tip. (In 
the early experimental cases two 
different -types of implant were 
Ficure.—Peg type body of acrylic im- used: (/) a peg-type body, and (ii) 
plant, showing conformation with wire | a pear-shaped body (see Figure)). 
holes at different levels. The body of the implant is 
drilled with two ‘holes in different 
planes‘at right angles, so that the tantalum wires can be pushed through 
without touching one another. A hole is then made in the centre of the 
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cornea with a Graefe knife. (The use of a 3-mm. trephine would probably 

prevent any tendency for the cornea to split, and the perforated cornea 

would fit more snugly around the base of the peg.) 

- In this particular case the implant was made of a specially heated and 
hardened plastic and was sterilized and washed thoroughly in distilled 

water before use. : 

When the globe has been prepared for the implant, it is most import- 
ant that the wires be passed through the scleral wall of the globe before 
the implant itself is actually inserted into the eye, for this greatly facilitates 
the operation. The tantalum wire is threaded through the prosthesis on 
to an ordinary Jameson needle. According to the position of the holes 
in the implant, the wire is made to pierce the sclera well back, in such a 
way that when the implant is in position it will be fixed firmly in the 
posterior fundus of the globe and will not tend to move forward to the 
level of the wire holes in the sclera. This process is then repeated on the 
other side, the first wire being placed horizontally and the second verti- 
cally. When the wires are in position, the implant is inserted into the 
globe and the peg pushed through the hole in the cornea so that the 
cornea fits firmly up against the angle between the peg and the body of 
the implant. 

When the implant is in position, the ends of each tantalum wire are 
brought together, gently twisted, and bent down at right angles posteriorly 
to lie flush on the sclera. 


(4) Repair of the Globe.—The scleral wound is then closed, but first 
the implant and the interior of the globe are insufflated with sulphona- 
mide and penicillin powder. The scleral wound is closed with strong 
interrupted nylon sutures placed close together for strength and taking a 
good “‘ bite” of the sclera as each suture is inserted to give added strength 
to the part. 

When this is done, one sees the conjunctival and episcleral tissues laid 
back, the cornea facing one with the peg of the prosthesis protruding 
through the centre of the cornea, the scleral incision closed by interrupted 
sutures and the two wires fixed in position with their twisted ends facing 
posteriorly. 

(5) Covering of the Globe with Implant in Position —The whole of 
the contents are completely covered by the conjunctival and episcleral 
tissues in a horizontal plane by means of strong interrupted black silk 
sutures placed close together. Before inserting these sutures, however, I 
have been accustomed to insufflate all the raw areas on the underside of | 
the conjunctival and scleral incisions with sulphonamide and penicillin 
powder, because this limits the amount of reaction of the tissues to 
operative trauma and keeps secondary infection at bay. The conjunctival 
and episcleral tissues eventually become thickly matted to the cornea, 
giving increased strength to this part of the eye. 


PosT-OPERATIVE COURSE AND AFTER- TREATMENT 


The conjunctiva of the socket should be washed out: daily with 
boracic lotion, and oculentum penicillin should be instilied. The 
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conjunctival stitches are left in situ for about 14 days. On-the tenth 
day, however, or perhaps even sooner, the peg of the implant will be 
seen to be protruding gently through the stitch line and attempting 
to separate some stitches, very much like a chicken breaking its way 
out of an egg. When this occurs the protrusion of the peg may be 
assisted by the removal of the most central stitch. 

After about 14 days this process is complete. The remaining 
stitches can then be removed and the implant is ready for the 
temporary “shell” which will be kept in situ for about 6 weeks 
until the eye is ready for the first temporary prosthesis. During 
the early stages it will be seen that the conjunctiva tends to become 
somewhat chemosed and to protrude between the lids. When this 
occurs a vaseline pad should be kept over the lid and short-wave 
diathermy given daily. The swelling soon subsides. 

When the peg is finally extruded through the conjunctiva, the 
conjunctiva fits most snugly around the base of the peg with the 
result that infection and granulation do not appear to occur. The 
movement of the globe is full and complete and bears a cosmetic 
result comparable with that of any of the existing implant 
technique and infinitely safer. The result is so good that the 
patient often forgets to remove the prosthesis for days on end. 

It is claimed for this technique that it is quick, safe, and reliable, 
and that it gives rise to fewer complications than any other technique 
with the same cosmetic result. The operation takes less than half 
an hour and can be modified to suit globes which have been 
perforated through the cornea. Apart from this the principal 
advantages are these: 


(1) The conjugate movement of the implant and prosthesis with the 
other eye is cosmetically perfect. 

*(2) The extrinsic musculature and neuro-muscular end-plate mechanism 
are preserved by the interposition of the fibrous insulating 
scleral jacket of the globe between the extrinsic musculature and 
the intra-ocular implant. With the present implant technique 
fibrous infiltration of the extrinsic muscles and destruction of 
the neuro-muscular end-plates occur after some years with 
gross limitation of movement. 

(3) The implant is solidly held in place by four different agencies : 


(a) double independent wiring technique, 

(b) reinforced corneal tissue, 

(c) solidity and thickness of plastic implant, 

(d) pressure upon the prosthesis by the musculature of the lids. 


(4) This technique is applicable to the chronic blind, and to chronic- 
ally inflamed, or perforated globes. 


(5) It is suitable for small children as well as adults, two sizes of 
implant can be obtained. 
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(6) It is easily sterilized, and can be boiled in A.C.10. 


(7) The combined weight of the implant and prosthesis bears a close 
resemblance to the weight of the globe itself. 


(8) It is unbreakable. 


(9) It is solid, so that there is no empty space to act asa reservoir for 
serum and infection. 


(10) The peg is remarkably free from infection, and granulation 
reaction in the conjunctiva does not occur. 


(11) It can be bored accurately to take the wires. 


(12) The plastic peg works within the body of a plastic prosthesis and 
undue friction is avoided. 


DEMONSTRATIONS 


Two cases demonstrating this implant were shown at a meeting of the 
Midland Ophthalmological Society at Nottingham on April 17, 1951. 


Case 1, J. T. H., had his operation in July, 1950, with splendid 
cosmetic and functional results. 


Case 2, G. W. B., was more recent, having been operated on in 
March, 1951; here the peg was seen to be gradually working its way 
through the conjunctiva. In this particular case a white plastic shell 
with 4-mm. black pupil was used to demonstrate the mobility of the 
implant and the prosthesis. 


I — like to thank Mr. Steer Wardman for his co-operation in developing this 
implant. 
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THEORETICAL CONSIDERATIONS FOR AN 
ARTIFICIAL CORNEAL IMPLANT* 


BY 


O. E. E. ANDERSON 
San_Francisco, Calif., U.S.A. 


THE operation of keratoplasty, which offers such dramatic restora- 
tion of vision in appropriate cases, is not carried out as often as it 
might be for two principal reasons. First, the supply of suitable 
human corneae is limited, and secondly, in many instances the graft 
ultimately becomes as opaque as the recipient cornea. 


The patent way to attempt to circumvent these difficulties is to 
place in the leukomatous cornea a port of transparent abiotic 
material. It is not surprising that operations of this type have been 
undertaken, the first nearly a century ago. Such ports were 
implanted in corneae by Nussbaum (1853), Heusser (1860), von 
Hippel (1877), Dimmer (1889), Baker (1889), van Millingen (1895), 
Salzer (1895), Franceschetti (1949), Gyorffy (1951), and others. In 
most cases these were successful for short periods, but the eyes were 
later damaged by infection or unspecified degenerations. The 
implants used were of glass or plastic, and were retained by flanges 
of the same material, or of metal, resting on the surface of the 
epithelium and/or endothelium. 

The recent work of Bick (1949) and Parry (1950) demonstrated 
the tolerance of tantalum by the ocular tissues. This, together with 
glass-to-metal sealing techniques common in the electronics industry, 
suggests a new approach to the mechanical aspect of the problem. 





PROJECTED DESIGN 


On contemplating the design of an artificial corneal implant, a number 
of desiderata present themselves: 





(1) The materials should be biologically inert. 


(2) The implant should be flush with the anterior surface of the cornea. Any 
protrusion would chafe the palpebral conjunctiva, and lid motion would tend to move 
the implant, irritating the supporting corneal tissue. 

(3) The implant should likewise be substantially flush with the posterior surface of 


the cornea, not only to preserve as deep an anterior chamber as possible, but also to 
minimize the possibility of the implant’s coming into contact with the iris or lens. 





* Received for publication May, 21, 1951. 
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(4) Support for the implant should be furnished by the stroma of ‘hc cornea, 
rather than by the epithelium and/or endothelium, as this is tougher, less subject to 
inflammation, and less sensitive. 


(5) The anchorage of the implant should be able to withstand tensile and flexura! 
stresses, so that it is not loosened by any transient deformation of the globe. 


(6) The seal between implant and cornea should be adequate to maintain the 
intra-ocular pressure, and to prevent the ingress of micro-organisms. 


7608 
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(a) (6) 


Fic. 1.—(a) Vertical section through proposed implant.: Principal 
dimensions in millimetres. (5) Front view of proposed implant. 


Fig. 1 shows a suggested design for an implant to meet these require- 
ments. The transparent portion is of glass, of approximately the same 
thickness and radii of curvature as the average cornea. (As a refinement, 
emmetropia could be approached by individualized selection of the 
curvatures.) Surrounding and sealed into the glass is a tantalum flange, 
formed to the corneal curvature and provided with anchoring lugs. 
Its thickness is the minimum consistent with mechanical considerations. 
As the glass alone may be assumed to have negligible refractive power, 
merely forming the anterior boundary of the aqueous, its refractive index 
and dispersive power are of little consequence. Its coefficient of 
expansion, however, is critical, in that it must be substantially the same 
as that of the tantalum which is 6.7 10°. Macbeth-Evans flask glass, 
for example, having a coefficient of 6.9 x 10°,should form a good seal 
with the tantalum (Hodgman, 1950). The conditions of use to which 
this seal may be subjected will not be nearly so severe as those 
encountered in electronic or chemical practice, as the temperature 
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variation will be but a few degrees, and the maximum hydrostatic 
pressure less than 2.5 Ib. per sq. in. The principal steps in making the 
implant are shown in Fig. 2. 


yao ae ae 


(a) (6) (c) 


Fic. 2.—Suggested method for making implants of this design; in section. 
(a) The tantalum flange is placed over a truncated cone of glass. 


(6) The assembly is heated to the softening point and compressed 
longitudinally, thus expanding the glass radially and forming a shoulder 
on each side of the metal. 


(c) After annealing, the glass is ground to the required curvature and 
thickness. 


TECHNIQUE 


At installation, the recipient cornea is trephined to a diameter of 4.0 mm. and 
split, as nearly as possible in the middle, to a depth of about 1.5 mm. all the way 
around. Two or three radia) cuts in the anterior half may be necessary to allow the 
tantalum flange to be placed in the split. Because of the splitting, suturing is apt to 
be difficult. The work of Tassman (1950) and of Town and Naidoff (1950) suggests 
that it would be desirable to use ‘“ physiological glue”? (autogenous plasma plus 
thrombin), not only to assure rapid healing, but also to encourage corneal tissue to 
proliferate snugly about the metal, particularly between the lugs and adjacent to the 
glass, where the path of possible leakage is shortest. In these regions it might prove 
necessary to serrate, perforate, or roughen the metal to improve adhesion. This point, 
as well as the resistance of the glass to etching by the lacrimal fluid, may be 
determined in a series of anima) experiments. It would seem advisable to inject 
saline into the anterior chamber after installation to prevent the implant from touching 


the iris or lens. Scheie and Frayer ((950} consider the use of air in the anterior 


chamber to be hazardous. 
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PORTABLE TEST-TYPE* 


BY 


W. INGMAN 


Boston, Lincs. 


THE apparatus described in this 
note might be helpful to surgeons 
who, like myself, have a scattered 
population to cover. In this kind 
of area, eye clinics are, perforce, 
held in buildings where the in- 
installation of permanent test-type 
cabinets or drums is impracticable. 
Some form of portable test-type 
is therefore required. This should 
possess means of illuminating the 
chart, and should be sturdy enough 
to withstand hard wear, and yet 
light enough to transport readily 


from one clinic to another. 


The apparatus consists of a 
collapsible tripod stand supporting 
a sectioned rod upon which is 
clipped a washable test-type chart 
anda spot-light. Illumination is 
provided by strip-lights carried on 
an arm which is inserted into a 
socket attached to the tripod 
stand. The whole can be folded 


into a small space and carried 


about in a waterproof canvas bag. 


I have found that this test-type 
stand combined with a portable 
surgeon’s trial case has been use- 
ful not only in the clinics but 
also in Satellite consulting rooms. 


The apparatus was made for me by 


Messrs. Theodore Hamblin, Ltd., to whom 
1 am indebted for the line-drawing. 














* Received for publication June 18, 1951. 
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RECORDING PUPILLOGRAPH OF 
SIMPLE DESIGN* 


PRELIMINARY REPORT 


BY 


L. H. VAN DER TWEEL anp G. M. BLEEKER 


University Physical Laboratory, Department of Medical Physics, University of 
Amsterdam, and University Eye Clinic, University of Amsterdam 


SINCE interest is being increasingly extended to pupillography, a 
means has been devised to overcome the great loss of time involved 
in the conventional method. Instead of demanding a laborious 
measuring of each separate picture, this method allows a comprehen- 
sive view of the pupil reaction. The eye is focused on a film which 
moves slowly in a vertical direction. Very near to the film is fixed 
a horizontal slit of 0.1 mm., just in the place where the middle of 
the pupil is projected. 

As the film moves at 3 mm./sec., a resolving power of as sec. iS 
reached, Difficulties of eye movement are overcome by the patient's 
looking with the other eye at a small lightspot. 

With a preliminary apparatus a number of normal and abnormal 
pupillograms have been made, some of which are reproduced in 


Figs 1 (a) and (6). Dark blue or red light was used as “dark”, a 


1 sec 





Dark blue White Dark blue 


Fic. 1 (a).—Pupillogram of the normal eye. The dark band represents 
size of pupil. With the starting of the blue light a slight contraction of 
the pupil occurs which soon disappears. After a short latent period 
the white light causes a pupillary reaction. 





* Received for publication May 28, 1951. 
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4 sec procedure which was justified by 
the small reaction at the switching 
on. Blue-sensitive film was used 
for blue and grey eyes, and _ red- 
sensitive film for dark brown eyes. 
The photographic lens employed 

_ “~~ was a Hugo Meyer Plasmat 9 cm. 
Fic. 1 (b).—Pupillogram of theeye f2 with an enlargement of 1. The 
Sean ghacare ng “nrerang general arrangement of the appar- 


strong light, and recovers its original gtus is shown diagrammatically in 


size after a short period while the i 
light is still on. = Fig. 2. 





PROJECTING LAMP 





DRUM 


Fic, 2.—Experimental set-up of pupillograph, ¢ 


The experience gained in this series of investigations is now being 
used in constructing another instrument, which will embody certain 


new ideas as well as having greater stability. 
This work has been assisted by a grant from the T.N.O. (Netherlands organization 


for applied scientific research). 
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PORTABLE PERIMETER* 
BY 


CECIL M. RUBEN 
London 


THE prototype of this instrument was first described by me in the 
British Medical Journal (Ruben, 1949) under ‘‘ New Appliances and 
- Inventions ”’, with full instructions so that any enthusiast might make 
one for himself (no patent has ever been applied for). Since that 
time Messrs. Theodore Hamblin, Ltd. have made for me the more 
advanced instrument shown below. The method of perimetry is the 
same as described before. I have found the normal field markings 
on the dome’s surface (see Figure) to be essential in an instrument of 
this kind, since any departure from the normal field becomes 
immediately apparent as the test is being done, and recording on the 
usual printed charts does not require a feat of memory. The 
transparent hemispherical perimeter without the normal field 
markings has little advantage, if any, over other types of non- 
recording perimeters. 

The wand can be either of the type used to carry “‘Traquair’s” 
targets or like that used to carry the targets for the Lister automatic 
recording perimeter. This latter type of wand has a gauntlet of 
black material fixed to the handle, which obviates the need of a 
black glove or cuff. 

The perimeter is mounted on a telescopic tube with a tripod base, 
and can be used either sitting or standing (as in an out-patients 
department, or when a field defect is to be demonstrated). This 
does away with the perimeter table, and the whole instrument is 
light enough to be carried about by hand. 

The main use of this instrument is as an accurate confrontation 
test. It has no movable parts for the performance of the test, 
which can thus be done very rapidly. 

The best results are obtained with good general lighting. An 
isolated source of light is best placed behind the patient. Reflections 
may sometimes be troublesome if within the central area of 20° 
radius; these will disappear if the dome is moved in relation to the 
light source, and, if the instrument is used only to carry out an accurate 
clinical perimetry in a short time, they are not of great importance. 


REFERENCES 
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*Received for publication June 11, 1951. 
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FELLOWSHIP 


Dr. NORMAN MCALISTER GREGG, M.C., F.R.A.C.S., D.O.M.S., of 
Camper Down, New South Wales, has been awarded the Charles Mickle 
Fellowship of the University of Toronto for 1951 in recognition of his 
“incrimination of maternal rubella as a cause of congenital defect”. 


LECTURES 


DEPARTMENT OF OPHTHALMOLOGY, 
UNIVERSITY OF GLASGOW 


DuRING October, 1951, a series of meetings will be held in the Depart- 
ment on Wednesdays at 8 p.m. A discussion will follow the main paper. 
October 3 and 10, Dr. R. Leishman, “The Eye in Hypertension ** (1) and (2). 


October 17 - - Dr. John Primrose, “Optical Illusions ’”’. 
October 24 - - Dr. F.C. Rodger, «Corneal Innervation”. 


EDITORIAL NOTE 


THE criticism has sometimes been raised that the articles in this Journal 
have become more academically scientific and less clinical in their nature 
than a number of our readers would desire. To a large extent the 
Editorial Committee are in the hands of contributors, in that they can 
publish only such material as is submitted to them. It has always been 
our policy to accept papers of a clinical nature in preference to those 
dealing with the more specialized aspects of ophthalmology, and we shall 
be happy to publish the former type of paper whenever suitable material 
is offered. 


In this connexion the Committée would suggest that ophthalmologists 
might with great profit contribute on.a much larger scale to the section 
headed “‘ Case Reports’’. Among the interesting cases frequently seen in 
clinical practice, either singly or in a short series of related cases, many 
are worth recording, and such reports would add greatly to the practical 
value of the Journal. Potential contributors may be shy of writing up 
such material, because they have neither the time nor the opportunity to 
search the literature for similar cases, and to elaborate their clinical 
observations with laboratory or histological studies. In this section of the 
Journal such researches are unnecessary; and the Editorial Committee 
will be delighted to publish clinical descriptions (and photographs where 
suitable) of interesting cases, no matter how short the note. Readers will 
agree that the briefest notes are often the most acceptable. 
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COMMUNICATIONS 


THE CLINICAL VALUE OF CORTISONE AND 
ACTH IN OCULAR DISEASE 
A Preliminary Assessment for the Medical Research Council 
BY 


SIR STEWART DUKE-ELDER 
Institute of Ophthalmology, London 


Chairman of the Medical Research Council Panel on the Ophthalmological 
Applications of Cortisone and ACTH* 


SUFFICIENT has now been written in a literature already large and 
rapidly growing, and at the same time readily accessible, to make it 
unnecessary here to summarize the story of the isolation of the 
potent steroids elaborated in the adrenal cortex and the dramatic 
results of their application to a number of pathological conditions, 
particularly the collagenous, allergic, and lyraphatic diseases. The 
object of this paper is to provide an assessment of the clinical value 
of these substances in the restricted field of ophthalmology, so far as 
this is possible at this early stage, the material on which it is based 
being derived partly from the literature and partly from the 
experiences of a team of investigators in Great Britain whose 
activities have been correlated by the Medical Research Council. 
It will be sufficient to say in parenthesis that while of recent years 
a considerable amount of work has been done on the chemistry of 
the steroid substances elaborated by the adrenal cortex, particularly 
by Wintersteiner and Pfiffner (1935), Mason and his colleagues 
(1936-40), and Kendall (1940), the interest in this work was con- 
siderably increased by the demonstration of their clinical effect 
upon patients suffering from adrenal disorders such as Addison’s 
disease (see, for example, Sprague and others, 1948-49; Thorn and 
others, 1949); it was again increased, on this occasion to a much more 
dramatic extent, by the revolutionary results published by Hench and 
his associates (1949-50) on their use in the treatment of patients suffer- 
ing from rheumatoid arthritis at the Mayo Clinic. The widespread 
effects thus obtained depend essentially on those steroid hormones 
elaborated by the adrenal cortex which have an oxygen atom 
attached to the 11th carbon atom of the parent steroid nucleus (the 
C-11 oxygenated steroids) of which the most potent is cortisone 
(17-hydroxy-11-dehydrocorticosterone or compound E). This sub- 
stance itself may be given to produce these effects, or somewhat 


* Panel: Sir Stewart Duke-Elder (Chairman), O. M. Duthie, J. Foster, F. W. Law, A. Lister, 
A. McKie Reid, G, I. Scott, E. C. Zorab, and A. J. B. Goldsmith (Secretary). 
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similar clinical responses may be obtained by stimulating the adrenal 

cortex to elaborate an unusual amount of active steroids by the 

administration of the pituitary adrenocorticotrophic hormone, 
- ACTH (see Hechter, 1950; Mason, 1950). 


METABOLIC ASPECTS.—It would not be expected that substances so 
powerful would fail to exercise profound disturbances on the 
metabolism of the body: a knowledge of their “ side-effects” is 
therefore of importance. In the first place the prolonged adminis- 
tration of cortisone depresses the normal adrenal function even to 
the extent of causing atrophy of the gland, while exogenous ACTH 
similarly depresses the normal elaboration of this substance by the 
pituitary gland, an effect, however, which is usually rapidly made 
good when the administration of the hormone ceases. During the 
administration of either substance the main metabolic consequences 
are as follow (see, for example, Sprague, Power, and Mason, 1950; 
Mote, 1951): 


(1) An impairment of the carbohydrate tolerance so that glycosuria may 
be induced or diabetes rendered more symptomatically pronounced. It 
is interesting that in the adaptation syndrome induced by large doses of 
adrenocortical extract, Pentini and Fornaro (1950) found an increase of 
glucose in the aqueous humour which was inhibited by the administration 
of ACTH. 

(2) An alteration in protein metabolism involving increased breakdown 
and impaired resynthesis, together with an increased renal excretion of 
nitrogen as uric acid and creatinine. 

(3) An increased mobilization and utilization of fat leading to the 
characteristic “‘ moon-face ”’. 

(4) A disturbance in the distribution of electrolytes and water, the 
most important manifestations of which are an increased excretion of 
potassium leading to a deficiency of this substance in the blood, and a 
retention of sodium and water resulting in an increase in the volume of 
the plasma and extracellular tissue-fluid. 

(5) A lysis of fixed lymphatic tissue together with a diminution of 
circulating eosinophil cells. 

(6) Complementary effects on the other endocrine organs may become 
apparent, mainly androgenic in nature, changes which on prolonged 
administration may simulate Cushing’s syndrome associated with 
basophil pituitary tumours. 

(7) Finally, mental effects, characteristically euphoria during the 
administration of these hormones followed by depression on their sudden 
cessation, may sometimes become obvious. 


THERAPEUTIC ACTION.—The mechanism by which these substances 
exert their powerful therapeutic action is yet unknown, but some of 
the most obvious effects on the inflammatory process have been 


established: capillary permeability, for example, is decreased, 
cellular exudation is reduced, the formation of granulation tissue, the 
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fibroblastic reaction in healing, and the formation of new vessels 
are inhibited. At which level these effects occur is again unknown; 
presumably, however, the hormone becomes effective at the tissue- 
level where the inflammatory responses to irritation are (within 
limits) temporarily blocked. In the eye, this inhibition affects not 
only the ocular inflammatory response to direct organismal infection 
(Leopold and others, 1951) or anaphylactic or allergic reactions 
arising therefrom (Woods, 1950; Biegel, 1951), but also to non- 
bacterial irritants injected into the eye, such as glycerine or jequirity 
(Woods, 1950), or talc (Bourquin, 1951). It is to be remembered 
that the hormone is in no sense bactericidal, and it has been amply 
demonstrated, particularly in the eye, that it has no effect on the 
hypersensitive state, for although it blocks the inflammatory evidences 
of an anaphylactic or allergic reaction, once it is withdrawn the 
ocular tissues react in their previous hypersensitive manner if contact 
with the specific antigen is re-established (Woods, 1950, with the 
ocular reaction to tuberculin; Biegel, 1951, with horse serum uveitis 
in rabbits). 

While thus profoundly affecting the reaction of mesenchymal 
tissues to irritants, organismal and otherwise, cortisone does not 
affect the cause of any disease process but merely provides susceptible 
tissues with a temporary protection against it, so that the tissue-cells, 
rendered more resistant to injury, are allowed to function normally 
in an environment which had become grossly abnormal: in Hench’s 
picturesque words, it acts as a fire-shield but neither puts out the 

_fire nor acts as a carpenter to repair the fire’s damage. The effect 
is thus limited—a fact which is not yet generally recognized—to the 
blocking of the pathological evidences of inflammation so long as the 
administration of the hormone is continued; on its withdrawal 
the disease forthwith resumes its natural course, and it is without 
effect on the structural damage to the tissues previously caused by 
disease. 

It is true that in an organ composed of tissues so delicate as the 
eye, in which the maintenance of optical transparency is a necessity 
for function, the inhibition of an inflammatory reaction may be of 
the first importance even when considered as an emergency measure, 
but it has not been established that, particularly in the presence of 
organismal infection, the inhibition of the tissue-response to injury— 
essentially protective in its function—is always without disadvantage 
or even danger. There is evidence, for example, that the resistance 
to tuberculous infection may be lessened and the spread of tuber- 
culosis may be facilitated by the suppression of fibrosis while the 
causal organism still lives (see, for example, Woods, 1951; Lurie 
and others, 1951). The ideal therapeusis is the control of the 
deleterious aspects of the inflammatory response until such time as the 
infective or other causal agent is eliminated by other means. Thus 
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the acute exudative manifestations of a gonococcal iridocyclitis can 
be held in check until the infection is controlled by antibiotics and 
the eye may thus escape unscathed; but, unfortunately, this is an 
ideal rarely attainable. 

In certain respects the response to cortisone resembles that to fever therapy by 


“ protein shock ”? and, indeed, there is evidence that the latter method of therapeuis 
acts by stimulating the adrenal cortex to secrete steroids (Olson and others, 1950; 


Arendshorst and Falls, 1950). 


Ophthalmic Experiences with Cortisone and ACTH 


Although numerous papers on the clinical effect of cortisone and 
ACTH in ophthalmological diseases have appeared, many of them are 
of comparatively little value, suffering as they do from paucity of 
material, from lack of or inadequacy of clinical detail and contr ols, 
and—perhaps most important of a)\—irom absence of follow-up 
observations. Most of the follow-up histories in the liter ature do not 
exceed a few months: some of them are measured in days. in view of 
the short time these drugs have been available and the relatively 
small quantities in which they can as yet be obtained, this is, of 
course, to some extent unavoidable, while the dramatic nature of some 
of the results obtained, and the enthusiasm this apparent revolution 
in therapeutics has excited, have undoubtedly—and rightly—served 
as a Stimulus to early publication. It may be worth while, however, 
to summarize the present position and to assemble the evidence now 
available, since it is becoming obvious that there is general unanimity 
over certain broad considerations concerning the methods of © 
administration of these substances. in ophthalmic conditions, their 
suitability in some, their unsuitability in others, and their limitations 
in a)) types of ocular disease. it must be emphasized, however, 
that even in those conditions wherein the value or uselessness of 
cortisone has been most readily agreed upon, any such assessment 
at the present time must be considered provisional and perhaps 
premature. : 

For the purposes of this assessment, those papers available in the 
ophthalmic literature, some ninety in all referring to approximately 
1,500 cases, have been collated; but particular attention has been 
paid to reports from five centres whence the most comprehensive 
reports have emerged— 


Baltimore (a series of 117 cases, 69 treated topically with cortisone and 
48 systemically, with either cortisone or ACTH, Woods, [951); 

New York (315 cases, 198 treated topically, 109 systemically, and 8 by 
a combination of the two methods, Gordon and McLean, 1950; McLean, 
Gordon, and Koteen, 1951); 

Philadelphia (265 cases: 142 cases, Leopold and others, 1951; and 123, 
Scheie and others, 1951); 
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Chicago (198 cases treated locally and systemically, Fitzgerald and 


others, 1951); 


Dublin (143 cases, mostly treated topically, Lavery and others, 1951). 


These results have been compared with our own series of 416 cases 
reported elsewhere in this issue (Duke-Elder and others, 195}), 
and the results have been compared—in all, an assessment of 
approximately 1,900 cases. In quite a large number of conditions 
there is little statistical difference in the results observed, and since 
the results obtained at different clinics supplement each other in the 


number of cases of different conditions treated and in methods of 
administration, the general picture is of considerable value. 


METHODS OF ADMINISTRATION a 


In the treatment of ocular disease, cortisone may be administered 
in two ways—locally or by systemic injection; ACTH, of course, 
inasmuch as it acts by stimulating the adrenal cortex, is of value only 
as a systemic injection. 

The question of the relative value of the local and systemic 
treatment of diseases of the eye with cortisone is most satisfactorily 
answered by those who have been in a position to assess the effects 
of each in large numbers of patients. Both Woods (1951) and 
McLean and others (1951), who, between them, have reported on 
142 cases treated systemically and 255 treated locally, are in general 
agreement that there is little difference between the two methods of 
administration in diseases affecting structures to which cortisone 
administered locally can readily be brought into contact in sufficient 
concentration to have a_ therapeutic effect. On the whole, local 
treatment seems to be preferable in diseases of the conjunctiva, sclera, 
cornea, and the anterior segment of the uveal tract. In diseases of 
the posterior segment of the eye (or in generalized uveitis), systemic 
treatment is indicated. Our own experience amply confirms the 
relatively negative effect of local treatment in the latter class of case. 


Assuming that the greater part of the cortisone administered locally 
becomes available to the anterior segment of the eye, the greater 


efficiency of local treatment is not surprising, since in terms of ocular 
weight compared with total body weight, the concentration of hormone 


in the usual doses employed should be many hundred times greater 
than the amount that can safely be made available by systemic 


therapy. 


Apart from therapeutic efficiency, local administration has the 
considerable practical value of having no demonstrable systemic 
reactions or ill-effects, so that patients can receive relatively large 


doses over an indefinite period without fear of complications, and 
can be treated without the constant clinical control or hospitalization 
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advisable during systemic treatment, apart from the obvious economic 
advantage that this treatment requires very much smaller quantities 
of a drug which is both scarce and expensive. Longer, safer, cheaper, 
and ambulant treatment is thus attained. 


LOCAL TREATMENT.—As supplied commercially, cortisone acetate is 
almost completely insoluble in saline; on subconjunctival injection 
the material can be seen to remain in situ from 5 to 10 days and 
sometimes up to 14 days. It is difficult to imagine that the relatively 
insoluble hormone can be absorbed into the eye in any quantity, 
but its local action is undoubted and may be very rapidly clinically 
apparent: whether it exerts these effects by direct absorption or by 
the intermediary of break-down products, is unknown. The work of 
Steen (1951), reported in a subsequent paper in this issue, on the 
behaviour of cortisone in tissue-cultures suggests that the latter 
assumption may prove to be correct. 


That active material does penetrate into the eye has been proved by 
Leopold and others (1951) in rabbits, using alkali 2, 3, 5, triphenyl 
tetrazolium chloride as a reagent which produces a red colour in the 
presence of the active sterol. These workers found that the best penetra- 
tion into the aqueous as tested by this means was obtained by subcon- 
junctival injection; the instillation of drops was not so effective, but the 
penetration obtained thereby could be improved by the addition of a 
wetting agent such as zephiran. It is to be noted that active material was 
apparent in the vitreous after retrobulbar injection. 


The tissue-reaction following the injection of cortisone was studied 
by the same authors. Histological studies carried out at varying 
periods after subconjunctival and retrobulbar injection showed that 
it was minimal in degree—no greater in fact than was obtained after 
an injection of saline. Similarly, an injection of cortisone into the 
anterior chamber or the vitreous body in rabbits produced no 
deleterious effects apart from mild evidences of irritation (Leopold 
and others, 1951; Bourquin, 1951). 

In this connection it may not be without interest to note that a 
transient irritative or allergic reaction to the local administration of 
cortisone has been noted by a few observers (McLean and others, 
1951; Dubois-Poulsen, 1950; Bourquin, 1951). In our series of 
416 cases, two showed an irritative reaction to cortisone injected sub- 
conjunctivally: in one (cyclitis) there was considerable chemosis on 
the fifth injection, and in the other (superficial punctate keratitis) 
the reaction was violent and the conjunctiva threatened to slough. 

Local treatment may be made available by the following methods: 

(1) Drops.—The undiluted commercial (Merck) suspension (25 mg. 
per ml. saline suspension of cortisone acetate with 1.5 per cent. benzyl 
alcohol as a preservative) may cause some transient irritation when instilled 
into the eye, particularly if it is inflamed. The usual collyrium therefore 
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recommended is a 1: 4 dilution of the commercial preparation in saline. 
In our experience there would seem to be little or no clinical advantage 
in using the undiluted preparation, a finding confirmed by Woods (1951) 
(who used a 25 per cent. concentration) and McLean and his co-workers 
(1951) (a 10 to 20 per cent. concentration). In our clinical work we 
have employed as a routine a buffered diluent to make a 1: 4 solution; 
this is completely non-irritant even if the undiluted suspension is used. 
Its composition (suggested by A. C. Woods) is as follows, in quantity 
sufficient to make 1,000 ml.: 


Sodium acid phosphate with one molecule water - 4.6. 
Sodium phosphate anhydrous a shiek eee -- 4.78. 
Sodium chloride... pp er Wee vt .- 48g. 
Benzalkonium chloride am ade pe ous «.- 1: 5,000 q.s. 


Merck and Co. have prepared for experimental use a special ophthalmic 
suspension in a similar buffered phosphate vehicle with 1: 5,000 
alkonminium hydrochloride added as preservative. This would appear 
to be soothing rather than irritative to an inflamed eye (Woods, 1951). 
Initially in an acute case the recommended dosage is one drop every 
hour throughout the day and every 2 hours throughout the night; as 
symptoms subside the frequency of dosage is decreased to 3 or 4 times 
during the day and irregularly through the night. The application of an 
eye-pad after instillation possibly enhances absorption. The disadvantage 
of this method is the disturbance caused by frequency of the applications. 


(2) Ointment.—To obviate this frequency various ointments have been 
supplied by Merck and Co. The first was a simple cortisone acetate 
ointment (25 mg. per g.) in a vaseline base; subsequent bases employed 
have been lanolin and aquaphor which are said to give better clinical 
results (Woods, 1951; Fitzgerald and others, 1951). In view of the 
insolubility of the acetate, similar ointments using the more soluble 
cortisone-21-hemisuccinate have been tried, but experiments on animals 
have shown that these are only about one-half as efficacious as the acetate 
despite the relative insolubility of the latter (Woods, 1951). 

We have had no opportunity of using these ointments but they have been 
employed elsewhere on a considerable scale (for example, by Woods, 1951; 
Lavery and others, 1951; Arruga, 1951). It would seem that, in 
addition to the avoidance of the nuisance of repeated instillation, the 
effect is equal to, if not more constant than, that of drops. The routine 
recommended by Woods (1951) in the acute stage is 3-hourly applications 
during the day and immediately before retiring, an eye-pad being applied 
during the night, and the intervals being lengthened as a therapeutic 
response is obtained. 


(3) Subconjunctival Injection—In our experience this is the method of 
choice for the treatment of intra-ocular inflammations affecting the 
anterior segment. After local anaesthetization, an injection of 0.2 to 
0.4 ml. of the commercial suspension (25 mg. per ml. cortisone acetate) 
is made well behind the limbus and repeated at 2 to 4 days’ intervals at 
other sites. Maintenance doses can be repeated at weekly or longer 
intervals. 
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(4) Retrobulbar Injection Such injections in comparable doses have been 
tried in the hope that they would similarly affect inflammatory diseases of 
the posterior segment. They have sometimes been found to produce a 
considerable reaction (ten cases, Leopold and others, 1951); at other 
times they have been readily borne (Offret and Forest, 1950). We have 
found little disturbance with intra-tenon injections, but the relative 
efficiency of the two methods of administration is somewhat academic 
since neither is of great clinical value. 


(5) Intracameral Injection—This method has been less frequently 
employed, but it has been found that the injection of 0.3 ml. of the 
commercial suspension into the anterior chamber after withdrawal of the 
aqueous is without irritative or other deleterious effects (Offret and Forest, 
1950-51): sometimes the cortisone disappears rapidly within a few hours, 
and at other times the suspension remains visible in the anterior chamber 
for 7 days. 


SYSTEMIC TREATMENT.—In ocular affections this type of therapy 
—indicated particularly in diseases of the posterior segment of the 
eye—follows general lines. There seems to be little difference 
between the effects of cortisone and ACTH so far as their action on 
pathological processes in the eye is concerned, although, according 
to Woods (1951), the initial effect of the latter may be evident earlier 
-(within 12 hours) than that of the former (24 to 48 hours). 


A full course of cortisone may be taken to average the parenteral 
injection of 300 mg. on the first day, 200 mg. on thesecond day, and 
100 mg. on the next 7 days, to be followed, if necessary, by maintenance 
doses, sometimes advisedly given as intermittent courses, of 50 mg. daily 
which can well be administered by mouth. Such subsequent dosage can 
be increased, if necessary, to control a recrudescence of symptoms. 

ACTH is usually commenced with a daily dose of 100 to 120 mg. which 
must be divided into 6-hourly periods owing to the rapid destruction of 
the hormone. Depending on the therapeutic response obtained and the 
systemic reaction excited, this may (occasionally) be increased initially to 
200 mg., or (more usually) after the first 3 days may be reduced to 80, 
60, 40, and finally 25 mg. daily, the final dose being maintained, or if 
necessary increased, to control the condition. 


In view of the widespread metabolic effects which we have already 
noted after the administration of these hormones, it follows that 
large or long continued parenteral dosage should only be under- 
taken with care and under close clinical supervision lest the balance 
between noxious metabolic effects on the one hand and the adequate 
control of an inflammatory process on the other become precarious 
or be dangerously upset. The most simple and practical criterion 
whereon to base a clinical appreciation of the effectiveness of these 
hormones is the fall in the blood-eosinophil count: a diminution 
of these cells indicates the activity of the hormones, and their 
disappearance should lead to further enquiry. In general, the 
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eosinophil count should show a diminution of approximately 
50 per cent. until the disease is under control: if, despite such a drop, 
the inflammatory symptoms of the disease are unaffected, the 
general view is that the treatment can as well be discontinued. 
During treatment, a watch should be maintained for evidence of 
glycosuria, hypertension, cardiac changes, fluid retention, or mental 
changes. During long-term therapy, tissue-atrophy may be prevented 
by the administration of testosterone, glycosuria or diabetic acidosis 
by insulin, oedema by a very low intake of sodium chloride in the 
diet, and hypopotassaemia and metabolic alkalosis by the adminis- 
tration of potassium. 

Contraindications to the systemic administration of cortisone or 
ACTH except under rigorous control are diabetes, hypertension, 
chronic nephritis, and psychotic states. Thus in diabetes insulin has 
usually to be increased but treatment may be carefully continued 
(Woods, 1951); in hypertension occlusion of a retinal artery with 
loss of vision has occurred (Frenkel and others, 1951); and several 
experiences of trouble with the mentally unstable have been recorded. 
Fortunately, however, the fact that local administration is effective 
in many ocular diseases simplifies greatly the problem of the 
complications which may occur during systemic therapy. 


Results of Treatment in Various Types of Ocular Disease 
I. INFLAMMATORY DISEASES OF THE EYE 


A survey of the literature and experience with our own cases 
make it clear that certain general principles characterize the response 
of inflammatory diseases of the eye to treatment by cortisone. 

In the initial acute phase of ocular inflammation, symptomatic 
relief is early and obvious, while the congestive and exudative 
phenomena characteristic of the inflammatory reaction can frequently 
be temporarily controlled in a manner which, in its rapidity and 
effectiveness, is so dramatic that it is equalled by no other therapeutic 
agent at our disposal. This blanketing of the inflammatory response, 
however, lasts only so long as the treatment continues. If the 
disease has a short natural course, therefore, the results may be 
excellent, and if the cause of the inflammation, whether organismal, 
allergic, metabolic, or otherwise, can be eliminated before the 
cessation of treatment, this method of therapy is undoubtedly an 
ideal adjuvant to measures directed against the specific aetiology. 
If, however, this is not possible and the cause of the inflammation 
persists, a relapse is almost certain to occur on the cessation of 
treatment, so that the final stage appears to be little altered from 
what would have been expected if cortisone had never been given, 
except that the tissue-damage due to the acute phases of the 
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inflammation may be eliminated. It is important, however, that 
on further treatment such relapses tend to respond, as did the 
initial condition, although larger doses of the hormone are usually 
necessary for their control. 

In chronic inflammations, much the same type of response is 
evident, for here the active exudative phenomena are again controlled, 
but, on the whole, the inflammatory process tends to persist even 
during treatment, although at a lower grade of activity. Again, 
on the withdrawal of treatment, the eye tends to return to its initial 
state. Where chronic disease has left organic sequelae (adhesions, 
organized exudates, etc.), these are unaffected. 

In all cases, the reaction to cortisone is not absolute in its nature, 
nor is it characterized by an all-or-nothing response. In each 
individual the therapeutic effect depends on: 

(1) the severity of the inflammatory process, 


(2) the size of the dose of hormone, 
(3) the reaction of the individual to the hormone. 





In most cases of early inflammation, the clinical evidences may be 
brought rapidly under control, but if the injury to the tissues is 
extreme, cortisone will not necessarily eliminate the inflammatory 
response although it may greatly modify it. We shall see that the 
same graded response is evident in the pathological studies reported 
in later pages in this Journal. However, a remission of the 
inflammatory reaction during an acute phase is of particular 
importance in the eye, for it may mean the difference between the 
possibility of continued function and blindness. 

Small doses, in terms of either quantity or frequency, may only 
modify the clinical evidences of inflammation, while in the same 
disease or in the same case, larger doses may block the inflammation 
entirely. 

Individuals vary in their response to both local and general 
treatment, even although the disease is apparently very similar. 
A particular type of inflammation may, on the whole, show a 
markedly favourable response to cortisone, but in occasional cases 
no relief is obtained. The reason for-this is not clear. Moreover, 
attempts to relate the response to the aetiology of an inflammatory 
process have so far led to no very determinate conclusions. In a 
general study of the material available, one thing is particularly 
impressive—early inflammation gives the best response no matter 
what its aetiology. 

There is no question that this blanketing of the acute exudative 
phases of inflammation does occur and that the amelioration must 
be attributed to cortisone. In clinical medicine controls are 
notoriously difficult to arrange, but in ophthalmic medicine the 
difficulty is more readily overcome. Thus we have seen that a first 
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attack of acute iridocyclitis can almost invariably be aborted. But 
among our observations, in cases of bilateral iridocyclitis wherein 
the two eyes were equally affected, the local treatment of one has 
been followed by its rapid resolution, while its fellow, treated similarly 
apart from the administration of cortisone, has behaved in the 
torpid way characteristic of this disease. In bilateral cases when 
the worse eye alone has received this treatment it has promptly 
become the better. Finally, a condition which wrought havoc with 
one eye on a previous occasion has been seen to be aborted in the 
fellow eye which, before treatment, gave every clinical indication of 
running an identical course. 

Thus, in one case associated with diffuse articular disease of the 
Marie-Striimpell type, one eye had 18 months previously suffered a severe 
attack of generalized uveitis with a gelatinous exudate filling the anterior 
chamber and a complete exudative detachment of the retina with resultant 
blindness. The other eye became affected in an exactly similar way with 
an acute exudative uveitis, and at the stage when the anterior chamber 
became full of the same type of gelatinous exudate, cortisone was 
administered, with the result that within 3 weeks the eye was quiet and 
giving rise to no anxiety. The drama of a similar comparison was 
observed in a case of sarcoidosis: one eye had been excised three years 
previously; the other, starting with a similar severe granulomatous 
iridocyclitis, was quiet with 6/9 vision within 4 weeks of beginning 
cortisone treatment and has remained without relapse for 10 months. 


(A) Intra-Ocular Inflammations 
(1) Uverris 


(a) IRtDocycLitis (ANTERIOR Uveitis).—Of all intra-ocular 
inflammations most experience has been obtained with iridocyclitis. 


Apart from the special categories of uveal inflammation described below, 291 cases 
are available in the literature of iridocyclitis, with which 145 of our own can 
compared (Rome and others, 1950; Desvignes and others, 1950; Dubois-Poulsen, 1950; 
Hartmann and others, 1950; Harvey and others, 1950; Mann and Markson, 1950; 
Steffensen and others, 1950-51; Spies and Stone, 1950; Koff and others, 1950; Michaud 
and Forestier, 1950; Calamandrei and Ferrata, 1950; Ferrata and Calamandrei, 1950; 
Posner, 1950; Moutinho, 1950; Henderson and Hollenhorst, 1950-51; Offret and 
Forest, 1950-51; Woods, 1950-51; Olson and others, 1950-51; Arruga, 1951; 
McLean and others, 1951; Lavery and others, 1951; Scheie and others, 1951; 
Mosher, 1951; Fitzgerald and others, 1951; Leopold and others, 1951; Barrios and 
Barriére, 1951; Werner and Lavery, 1951; Jensen and Ward, 195i; Briickner, 1951; 
ib. and others, 1951; Bernasconi Cramer and others, 1951; Engelman and others, 


Acute Iridocyclitis—This gives the most dramatically favourable 
response of all intra-ocular inflammations, and it may be said in 
general that in this disease cortisone is more effective in temporarily 
reducing clinical symptoms and signs than any method of therapy 
known to-day. It would seem to matter little whether the treatment 
is by systemic or local administration. On the whole, local treatment 
would seem to be better, and in our experience subconjunctival 
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injection is the most effective method of therapy. Only occasionally 
has it been found that systemic treatment has been effective where 
local treatment has failed (Steffensen and others, 1951). If treat- 
ment is begun in the early stages of the disease, few cases show no 
response. Of all the cases of acute iridocyclitis reported in the 
literature (252) only some 12 per cent. were classified as failures, 
while a further 12 per cent. relapsed after cessation of treatment. 
In our series, the response in a first attack of acute iridocyclitis was 
invariably good (21); in a second or in subsequent attacks (33) the 
same degree of resolution was not so frequent, but practically all 
cases showed some degree of improvement (rapid in 20, slight in 9), 
and only four failed to show any response. In 42 subacute cases the 
response was more variable: ten showed rapid improvement, 26 slight 
improvement with accentuated resolution, and six no response. Of 
the entire series of 96 cases of acute and subacute iridocyclitis only 
16.4 per cent. were complete therapeutic failures. 

In cases brought under control in this way at an early stage of the 
malady, the relief of the subjective symptoms of pain, photophobia, 
and lacrimation is sometimes rapid, occasionally occurring within a 
few hours but more usually within 24. Soon thereafter, frequently 
from 24-48 hours from beginning the treatment, the objective signs 
of inflammation tend to disappear—ciliary injection, oedema of the 
iris, aqueous flare, cells in the anterior chamber, fresh keratic 
precipitates, and even fine dust-like opacities in the anterior part of 
the vitreous. Severe haemorrhagic or fibrinous accumulations in 
the anterior chamber may fade away with a quite astonishing rapidity, 
and in a purely exudative case, symptomatic cure may appear to be 
complete after two or three subconjunctival injections given at 
3 to 5 days’ interval. The immediate effect, however, is limited to 
the disappearance of these exudative manifestations, and any 


granulomatous reactions—heavy cellular infiltration or gross 
exudative deposits in the tissues—remain. 


Chronic Iridocyclitis.—This has received much less attention. 


Only 39 cases are recorded (Dubois-Poulsen,-1950; Koff and others, 1950; Olson 


and others, 1950-51; Bernasconi Cramer and others, 1951; Arruga, 1951; Mosher, 
1951; Fitzgerald and others, 1951), Our own series comprised thirty cases. 


In this condition the response is very much less dramatic. In 


the usual case, although any active exudative evidences are lessened 
the disease tends to remain active or at any rate resumes its activity 
when the treatment is stopped, while such organized evidences 
of inflammation as posterior synechiae, organized keratic pre- 


cipitates, old vitreous opacities, or pathological changes in the 


cornea or lens are quite unaffected. 


Among specific forms of iridocyclitis, the GONOCOCCAL type seems to 
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respond very well, as also do SYPHILITIC cases. The RHEUMATIC types, 
forty of which are reported in the literature, show no difference from those 
of other aetiology in their clinical behaviour, although in this series 
relapses are more common and rise to a proportion of 25 per cent. with a 
short after-history of a few months. In general, the response seems to be 
less determined by a particular aetiology than by the duration or recurrent 
habit of the ocular inflammation. One case of LEPROTIC IRIDOCYCLITIS in 
our series showed a rapid subsidence of exudative phenomena although 
corneal opacities remained unchanged. 


Recurrent Hypopyon Iridocyclitis—The literature is somewhat barren 
in reports of this disease. One case suffered a rapid recurrence (Dubois- 
Poulsen, 1950) and a second failed to respond (Barrios and Barriére, 
1951). Two cases in our series improved rapidly, the hypopyon in each 
case disappearing promptly. In two cases of Behcet’s syndrome, however, 
no response was obtained. 


Hypertensive Iridocyclitis—This presents special problems. In the 
literature there are varying reports, and of the 26 cases of which the 
records are adequate seven did not respond to treatment. Thus some 
authors (Blake and others, 1950; Desvignes and others, 1950; Michaud 
and Forestier, 1950; Dubois-Poulsen, 1950; Henderson and Hollenhorst, 
1950-51; Olson and others, 1950-51; Trope, 1951; Barrios and Barriére, 
1951; Hogan and others, 1951) have found that cortisone is particularly 
effective in reducing the ocular tension in such cases. Others have 
found that approximately equal numbers of cases are relieved and 
unaffected (Woods, 1950-51; McLean and others, 1951). Our experience, 
which includes fifteen cases, has been that, if the hypertension is due to 
acute exudative phenomena, the pressure in the eye usually falls, at least 
temporarily, coincidently with the subsidence of the exudative phase of 
the inflammation; if, however, more permanent organized changes have 
become established, or if the angle of the anterior chamber is gonio- 
scopically blocked, a fall in the tension is rarely apparent. In early 
cases of the former type, therefore, local cortisone is a very effective 
method of controlling this complication, 


rhe development of hypertension as a complication of systemic treatment with cortisone 
has also been noted in cases of iridocyclitis. The precipitation of secondary glaucoma 


in this way, for example, was found by McLean and others (1951) in three out of 


thirteen cases of iridocyclitis, and in four out of twenty cases of general uveitis, four 
of which required surgical intervention. It is interesting that such a complication is 


much more rarely found when focal treatment is employed. Thus McLean only 
encountered one such case in 27 thus treated. It is not clear why the systemic adminis- 
tration of cortisone should occasionally produce a secondary glaucoma, but it may be, 


as suggested by Woods ( 1950-51), that the complication is connected with the upset in 


the electrolytic balance caused by the hormone; more observations, however, are 
required with more fully detailed clinical (including gonioscopic) observations before 
the extent of this possible danger can be assessed. 


(b) GENERAL UVEITIS.—The literature on general uveitis is much 
less extensive. Local treatment has been reported in 51 cases 
(Moutinho, 1950; Theodore, 1950; Henderson and Hollenhorst, 
1950-51, Offret and Forest, 1950-51; Woods, 1950-51: McLean 
and others, 1951; Mosher, 1951; Moutinho and Basto, 1951), and 





650 STEWART DUKE-ELDER 


general treatment in 57 (Henderson and Hollenhorst, 1950-51; 
Woods, 1950-51; McLean and others, 1951; Scheie and others, 1951; 
Fitzgerald and others, 1951). The local treatment has included the 
instillation of drops, and_ injections subconjunctivally and retro- 
bulbarly or into the anterior chamber. In the literature generally 
there is again little difference between the results of general and local 
treatment, the failures amounting to about 25 per cent. in each case. 
In our small series of four cases, the results were equivocal. 

In general terms, in acute cases of generalized uveitis a remission 
may be achieved but this is usually incomplete. Even so, however, 
a disaster which may permanently incapacitate the eye may be thus 
averted. Chronic diffuse uveitis responds poorly. It is true that 
the exudative signs may be alleviated during treatment, but the 
disease persists, any remission is incomplete, and although a relapse 
with exudative features may be successfully quietened, the disease 
returns promptly to its original state after the cessation of therapy. 
The most favourable prognosis in this type of case would seem to be 
when systemic treatment is possible over a long period. In one such 
very recalcitrant case of ours complete resolution (apart from a few 
remnants of a dense cloud of vitreous opacities and a circumscribed 
complicated cataract) seems to have been attained after systemic 
treatment which was persisted in for 9 months. 


Sarcoidosis —Sones and his collaborators (1951) found in two cases 
of severe and widespread sarcoidosis that cortisone therapy produced 
a marked and steady regression of the lesions together with an amelioration 
of symptoms. The effect of such treatment on the ocular manifestations 
of this disease has been varied. Steffensen and others (1951), Mosher 
(1951), and Leopold and others (1951), together reported six cases treated 
locally: three improved and three remained unaffected. In our series 
three patients received local treatment, two of whom improved slightly 
and one dramatically. 

The more chronic exudative forms of uveitis such as Harada’s disease 
(Scheie and others, 1951; Leopold and others, 1951) or the Vogt-Koyanagi 
syndrome (Leopold and others, 1951) have invariably failed to respond 


to either local or systemic treatment. 


__ Sympathetic Uveitis —Seventeen cases of sympathetic ophthal- 
mitis are reported as having been treated locally (Desvignes and 
others, 1950: Woods, 1950-51; Arruga, 1951; Mosher, 1951; 
Werner and Lavery, 1951; McLean and others, 1951; Lavery and 
others, 1951; Leopold and others, 1951), including three by intra- 
cameral injection (Offret and Forest, 1950-51); and 27 have been 
treated systemically (Harvey and others, 1950; Joseph and others, 
1950; Hartmann and others, 1950; Howard and others, 1950; 
Woods, 1950-51: Offret and Forest, 1950-51; Vesterdal, 1951; 
Laws and Howard, 1951; McLean and others, 1951; Lavery and 
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others, 1951; Fitzgerald, and others 1951). To these our own 
series adds a further fifteen cases treated mostly by subconjunctival 
injection. It is important to remember that in the great majority of 
these cases the presence of a true sympathetic inflammation has not 
been histologically proved for this summary includes all those wherein 
evidences of an iridocyclitis with corneal precipitates developed in 
the other eye after an injury or operation to its fellow. 

The anxiety caused by this type of case is too well known to 
require remark, and the tendency—quite rightly—up to the present 
time is to advise removal of the injured eye if it seems liable to cause 
trouble to its fellow. In general, it would appear that if cortisone is 
administered at an early stage when inflammatory evidences in the 
sympathizing eye have lately appeared, a complete cure (so far as the 
available histories extend) may be looked for in a comparatively 
short period varying from S days to 6 weeks. If, however, the 
disease is first treated in its later stages when the inflammatory 
process has become fully established, irritable phenomena may be 
controlled but inflammatory activity persists and relapses tend to 
occur on the cessation of treatment: established infiltration of the 
uveal tissue is, as usual, not dispersed. While an expression of 
opinion is dangerous on the basis of some sixty cases and rash 
without much longer follow-up histories, preliminary impressions 
lead to the hope that, if this disease is treated in its early stages, 
cortisone treatment may be capable of revolutionizing a prognosis 
which has almost invariably been gloomy. At any rate, even at this 
early date, we have already retained, so far with impunity, more 
than one eye which has received a perforating injury which, in pre- 


cortisone days, we should undoubtedly have excised. 


(c) FOCAL CHOROIDITIS.—The literature reports a considerable 
number of cases of focal choroiditis, 51 treated locally (Woods, 
1950-51; Arruga, 1951; Mosher, 1951; Guinan, 1951; Werner and 
Lavery, 1951; Barrios and Barriére, 1951; McLean and others, 1951: 
Lavery and others, 195] ; Leopold and others, 1951 ; Scheie and others, 
1951), and 77 treated generally (Hartmann and others, 1950; Steffensen 
and others, 1951; Offret and Forest, 1950-51; Henderson and 
Hollenhorst, 1950-51; Woods, 1950-51; Scheie and others, 1951; 
Fitzgerald and others, 1951; Lavery and others, 1951; Leopold and 
others, 1951). To these our own series adds eight cases treated locally. 

It is obvious that the response of lesions in the choroid is very 
much less good than that of inflammations of the anterior segment 
of the eye, and it is also without doubt that in the former disease 
general treatment is more effective than local. With the systemic 
method of therapy, 25 per cent. of cases are recorded as failures; 
with local therapy, 40 per cent. It is noteworthy that, among the 
available methods of local treatment, retrobulbar injection seems to 
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have no greater efficacy than subconjunctival injections (Offret and 
Forest, 1950-51; Leopold and others, 1951). 

In general terms, early cases of focal choroiditis show an initial 
favourable response with systemic treatment in the sense that the 
local exudative phenomena disappear in one or two weeks instead of 
several, and that the processes of repair start sooner. The 
surrounding oedema is controlled, keratic precipitates may disappear 
in a few days, and although the clearing of a haze in the vitreous has 
occasionally been recorded as being dramatic, the more usual effect 
in this respect is neither rapid nor particularly good; a functionless 
scarred area, however, remains. On the cessation of treatment 
relapses are by no means uncommon, when fresh haemorrhages and 
areas of oedema or even an extension of the inflammatory area may 
occur. Chronic choroidal lesions, on the other hand, are completely 
unaltered with any method of administration. 


(2) RETINAL AND NEURAL INFLAMMATIONS 


Inflammations of the uveal tract, particularly those affecting the 
anterior segment, tend to respond favourably to cortisone when 
treatment is instituted at an early stage, but inflammations affecting 
the retina and optic nerve appear to be more recalcitrant. 


(a) CENTRAL SEROUS RETINOPATHY.—This condition, of both angio- 
spastic and allergic origin, has received, on the whole, favourable reports 
in the literature. Woods (1950-51), Olson and others (1950-51), and 
Fitzgerald and others (1951) treated seven cases systemically, all with 
favourable results, but the two failures reported by Scheie and others (1951) 
would indicate that this is not by any means invariable. So far as local 
treatment is concerned, Barrios and Barriére (1951) and McLean and others 
(1951) reported prompt and satisfactory recovery with a resolution of the 
oedema and a shrinkage of the central scotoma. Our series contains four 
such cases treated by subconjunctival injection, and our impression 
therefrom is that such prompt and complete resolution is by no means the 
rule. Some response is usually obtained, particularly if treatment is 
commenced in the early stages, but it must be remembered that such an 
evolution is frequently seen without cortisone therapy. Of the four cases, 
one relapsed subsequently, and the pigmentary changes in old cases were 
unaffected. 

(6) Lupus ERYTHEMATOSUS.—In one case, Ferriman and Wilsdon (1950) found that 
systemic treatment led to a rapid disappearance of the characteristic haemorrhages 
and exudates. 

(c) Optic NruRITIS AND RETROBULBAR NEuRITIS.—The number of cases of neuritis 
of the optic nerve in the literature is not large: eighteen treated systemically (Olson and 
others,1950-51; Arruga, 1951; Scheie and others, 1951; McLean, and others, 1951; 
Fitzgerald and others, 1951), and locally by subconjunctival and retrobulbar injection 
(Woods, 1950-51; Arruga, 1951; McLean and others, 1951; Leopold and others, 
1951). These figures include the demyelinating diseases; several cases associated with 
DISSEMINATED SCLEROSIS have been treated with variable results, and in one case of 
DEVIC’s DISEASE in our series, no effect was apparent. 
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Such cases are notoriously difficult to evaluate. On the whole, the results of local 
injection seem to be poor (80 per cent. failures). Judging from the published results, 
some 25 per cent. of cases failed to respond to general treatment. In a disease the 


prognosis of which is so unpredictable and which has so great a sendency to spontaneous 
resolution, this cannot be said to be a satisfactory figure. fact, however, that 
systemic treatment may on occasion have a favourable effect ans demonstrated in a 
case treated (with ACTH) by McLean and others, wherein a remission followed the 
commencement of treatment, a relapse immediately occurred on its cessation and 
improvement again followed the resumption of treatment. Here again, more 


observations are required before any assessment can be made. 

(d) RETINAL PERIPHLEBITIS AND VITREOUS HAEMORRHAGES.—Most of the 
twelve cases reported fall into the category of EALES’ DISEASE (Offret and 
Forest, 1950-51; Barrios and Barriére, 1951; Briickner, 1951; Arruga, 
1951; McLean and others, 1951; Lavery and others, 1951; Mosher, 
1951). Both with local and general treatment the results have been 
uniformly bad, an experience which is confirmed in our own series. 


(B) Extra-Ocular Inflammations — 


(1) KERATITIS. 


It may be said in general that nearly all cases of keratitis 
respond favourably to the local administration of cortisone if 
treatment is commenced at an early stage before gross cellular 
infiltration has occurred or tissue necrosis has taken place; once 
necrosis has given place to fibrous formation, such treatment is 
without effect, although a recession of vascularization may bring 
about. some temporary subjective relief to symptoms. In these cases 
topical therapy has generally been employed in preference to systemic 
therapy, a choice which appears to be wise; and in diseases limited 
to the cornea, the instillation of drops appears on the whole to be 


more effective than subconjunctival injections. Drops or ointment, 
or a combination of both, seem to be the method of choice. 


(a) Non-SpeciFic ULcers.—These, including the traumatic type, have 
responded capriciously. Of forty cases of ulcers and other inflammatory 
superficial conditions reported in the literature, 25 per cent. have been 
said to represent therapeutic failures (Woods, 1950-51; Leopold and 
others, 1951; McLean and others, 1951; Lavery and others, sae 
Fitzgerald and others, 1951). On the whole, however, it can be Sai 
that the results have been more favourable than could Teasonably ona 
been expected without the intervention of hormone therapy, although a 
sufficient analysis of the response of individual types of cases has not 
yet been made. 


(b) MARGINAL ULceERS.—These, on the other hand, have as a rule 
cleared up rapidly, altogether twenty cases being recorded (Steffensen and 
others, 1951; Arruga, 1951; Mosher, 1951; Briickner, 1951; Scheie and 
others, 1951; Fitzgerald and others, 1951; Leopold and others, 1951). 
Occasionally the response has been said to be dramatic (Scheie and others, 
1951), but the histories available are not of sufficient duration to allow any 
conclusions to be drawn as to the permanency of healing and it is note- 
worthy that only temporary subjective improvement can be said to have 
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been obtained in the two cases included in our series. Any assessment 
of the response of this condition must await longer after-histories. 


(c) DEEP ULCERS OF THE HyPOPYON TyPE and CORNEAL ABSCESSES 
have received less attention. Three cases in the literature have been 
reported on favourably by Desvignes and others (1950) and un- 
favourably by Arruga (1951) and by McLean and others (1951) 
respectively. Our own experience is more extensive and, on the 
whole, more favourable. Of fourteen cases, ten responded well 
without relapses and showed more rapid healing than would have 
otherwise. been expected; three showed an equivocal result, and only 
one no response. 

It is to be noted that in ulcerative processes of the cornea there is 
occasionally a mention of what would seem to be delayed epithelial 
healing, for while the activity of an ulcerative process has been 
controlled, epithelialization has’ been apparently delayed, and 
staining with fluorescein has persisted longer than would have been 
expected, to disappear promptly on the cessation of treatment. 
Two such cases were encountered in our series. This question will 
be discussed again in a later paper (Duke-Elder and Ashton, 1951) 
but it may be noted here that any inhibition of epithelialization 
appears to be sporadic in its incidence and temporary in its duration. 
This effect would not seem to be a serious contraindication to 
cortisone therapy. 


(d) PHLYCTENULAR DisEASE.—As would be expected from an essentially 
allergic condition, .this responds well to local treatment by cortisone. 
Of 41 cases recorded in the literature only two were failures (Steffensen 
and others, 1951; Barrios and Barriére, 1951; Thygeson and Fritz, 1951; 
Arruga, 1951; Scheie and others, 1951; Fitzgerald and others, 1951; 
Leopold and others, 1951; McLean and others, 1951), and in the two 
cases included in our series a rapid and dramatic subsidence of activity 
was seen. Particularly when it affects the cornea, this condition without 
doubt constitutes an indication for treatment by cortisone, but in 
established cases a lessening of the infiltration and of the vascularization 
of fascicular corneal ulcers, without the disappearance of scars, is all 
that can be expected. Here again, longer after-histories will be necessary 
to assess the significance of relapses. 


(e) Rosacea.—Judged from the few reports available, rosacea keratitis 
would seem to respond to cortisone as happily as phlyctenular keratitis, 
whether the hormone is administered locally or systemically. Six cases 
are recorded in the literature, all of which were improved and (within 
the limits of the short histories available) only one relapsed: the improve- 
ment in some of them has been called spectacular (Lepri, 1950; 
Steffensen and others, 1951; Olson and others, 1950-51; Fitzgerald and 
others, 1951). Our series includes twelve cases, all treated by drops 
with uniformly good short-term results. There was a rapid diminution 
of the infiltration and congestion and, although relapses occurred in 
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some, these were readily controlled by further treatment. It would seem 
that in this disease the preliminary assessment would be justified that 
cortisone is the treatment of choice from the symptomatic point of view; 
but in a condition of this type long case histories extending over many 
years are necessary before any final opinion can safely be given. The 
keratitis will almost certainly relapse eventually if the constitutional 
factors determining its activity persist ; how far such relapses will be 
tided over by cortisone must remain a question for the future. It is 
obvious, however, that in a recalcitrant disease of this type, so prone to 
involve symptomatic and functional disability of a very severe nature in 
the eye, such control, even though temporary, will be an inestimable boon. 


(f) SUPERFICIAL PUNCTATE KERATITIS.—This is reported on by several 
authors: in a total of twelve cases, eight are said to have responded well, 
three relapsed and one was unimproved (Steffensen and others, 1951; 
Arruga, 1951; Mosher, 1951; McLean and others, 1951; Scheie and 
others, 1951; Lavery and others, 1951). Here again, the follow-up 
histories are short. In our own short series of three cases no dramatic 
response was ever observed. This condition obviously requires further 
investigation before its suitability for cortisone therapy can be assessed. 


(g) HERPETIC AND METAHERPETIC KERATITIS.—Fifteen cases of dendritic 
ulcer have been reported (Steffensen and others, 1951; Olson and others, 
1950-51; Briickner, 1951; Lerner, 1951; McLean and others, 1951; 
Leopold and others, 1951; Fitzgerald and others, 1951). Of these, a 
considerable proportion (60 per cent.) is said to have done well, occasionally 
dramatically so (Fitzgerald and others, 1951). In our series of seven cases 
this finding was by no means substantiated, and on the whole our 
experience would indicate that cortisone is relatively useless in this 
condition, relapses tending to occur in those few cases wherein a temporary 
improvement was obtained. This depressing experience finds a parallel 
in the absence of any favourable therapeutic effect found by Leopold 
and his co-workers (1951) and by Hallett and others (1951) in experi- 
mentally produced lesions of this type in rabbits. Our experience of 
metaherpetic keratitis has been similar, but Scheie and others (1951) 
reported two cases, one of which showed a good and the other a 
questionable response. Further observations are required before any 
assessment can be made in this type of infection. 


(h) Herpes ZosTeR.—This condition, on the other hand, whether affecting 
the cornea alone or associated with an iridocyclitis, has on the whole 
given a better response. In the literature eight cases are available which 
have received local treatment and four which have received systemic 
treatment (Harvey and others, 1950; Olson and others, 1950-51; Arruga, 
1951; Briickner, 1951; Barrios and Barriére, 1951; Leopold and others, 
1951: Lavery and others, 1951; Fitzgerald and others, 1951). With 
each method of treatment 25 per cent. of the cases showed recurrences 
of the active inflammatory signs, and 25 per cent. failed to respond. With 
general treatment by ACTH, Olson and others (1950-51) found that a 
patient was rendered asymptomatic with a complete disappearance of 
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pain in an early case within four hours. In our small series of four cases, 
all of which had kerato-iridocyclitis, a similarly rapid improvement was 
obtained particularly in the early stages of the disease. The general 
impression gathered is that this malady certainly constitutes an indication 
for cortisone treatment provided it is undertaken early. 


(i) Epipemic KeraTo-ConsuncTivitis.—This condition is represented in our series by 
one case. It was of three months’ duration, was characterized by a severe conjunctivitis, 
a profuse keratitis of the nummular type and a subacute iridocyclitis with keratic 
precipitates. It had been very resistant to treatment which had included penicillin, 
aureomycin and chloramphenicol, but all signs of active inflammation rapidly resolved 
after subconjunctival injections of cortisone leaving attenuated corneal nebulae. 


(j) DiscirorM KeEratTitis.—This condition also responds well to local 
cortisone, probably better than to any other type of treatment. Six authors 
have reported on this disease (Steffensen and others, 1950-51; Arruga, 
1951; Briickner, 1951; Mosher, 1951; Lavery and others, 1951; Scheie 
and others, 1951), and the results have generally been remarkably good. 

This has been substantiated by our series of nine cases. Early cases 
improved subjectively and objectively, opacities in the exudative siage, 
before tissue necrosis or fibrosis had developed, dwindled, but old scarred 
lesions were unaffected; relapses tended to occur after the cessation of 
treatment unless this were maintained for a considerable time. If, 
however, the disease is brought under treatment with cortisone drops 
before it is far advanced, and the treatment is continued until the eye is 
quiet, it would seem that its usually prolonged duration is shortened and 
the residual disabling opacity is considerably lessened. 


(k) TRACHOMATOUS ULCERS AND PANNus.—These have been reported on favourably 
by Arruga (1951) who used local treatment in three cases. In one case of old-standing 
trachomatous pannus included in our series there was a marked reduction of the 
vascularity with considerable relief of symptoms which was maintained over some 
months, but a long history is not available. 


(7) SyPHILiTIC INTERSTITIAL KERATITIS.—If treated early in its course, 
this disease is one of the definite indications for cortisone treatment. Local 
therapy seems to be more effective than general; indeed, the effectivity of 
topical treatment has been demonstrated after the failure of systemic 
treatment (McLean and others, 1951). The literature has records of 
44 cases thus treated, with 20 per cent. failures and:10 per cent. recurrences 
(Steffensen and others, 1950-51; Woods, 1950-51; Arruga, 1951; Offret 
and Forest, 1951; Horne, 1951; Werner and Lavery, 1951; Simpson and 
others, 1951; McLean and others, 1951; Lavery and others, 1951; 
Scheie and others, 1951; Leopold and others, 1951), while with general 
treatment the failures recorded amount to nearly 50 per cent. (Geddes and 
McCall, 1950; Woods, 1950-51; Olson and others, 1950-51; McLean 
and others, 1951; Scheie and others, 1951; Fitzgerald and others, 1951). 
Our series of nineteen cases generally confirms this experience. 

In the early stages of the disease the results are excellent, particularly 
when drops (or ointment) are employed. Subjective symptoms disappear 
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with extraordinary rapidity with a profound psychological effect for 
good, and during the early phases corneal oedema diminishes and corneal 
transparency is often maintained. Indeed, as was remarked by Woods 
(1951), the symptoms, both subjective and objective, can be seen to wax 
and wane with the cessation and renewal of the administration of cortisone. 
Relapses thus tend to occur rapidly if treatment is stopped at an early 
stage, and it would seem that the ideal course to adopt in the treatment 
of this disease is to control the symptoms by local therapy and thereafter 
to give intermittent courses for some considerable time in order to anticipate 
recrudescences of the inflammation. Whether this will be necessary 
throughout the normal natural period of the disease of some 12 months 
or more will become apparent in the future. Sufficient length of follow-up 
observations of this type is not available for a decision yet to be made 
whether in this way the clinical evidence of syphilitic interstitial keratitis 
can be largely eliminated, but it would seem at least possible that if 
the disease is kept under control from a sufficiently early stage, such a 
favourable conclusion may be obtained in at least some cases. In more 
advanced cases, even where considerable corneal infiltration is apparent, 
a marked clearing of the opacities and lessening of the vascularization 
may be obtained during the first 4 weeks of treatment. On the other 
hand, in long established disease, the results are much less dramatic or 
entirely negative. If tissue necrosis has become responsible for an 
opacity, no effect is obtained with cortisone apart from transient 
symptomatic relief, a temporary lessening of the inflammatory symptoms 
and some emptying and regression of vascularization. 


(m) Deep KERATITIS.—Non-specific deep keratitis and kerato-iritis have 
received little attention in the literature but our studies include a series of 
26 cases. The results on the whole were good so far as the acute 
inflammatory and exudative phenomena were concerned, and occasionally 
an early case cleared up leaving no scarring or a residual nebula so slight 
that considerable credit must be given to this therapeutic agent. On the 
other hand, in more advanced cases, consolidated scars showed no 
improvement although vascularization, particularly of the superficial type, 
tended to decrease. In this disease, however, several relapses were noted 
some months after the cessation of treatment and it is of interest that 
2 cases developed a secondary glaucoma during the administration of the 
hormone. 


(n) SCLEROSING KERATITIS AND SCLERO-KERATITIS.—These have received 
uniformly good reports in the literature with local treatment by cortisone, 
even when, as in ten cases, the aetiology has been tuberculous or apparently 
so (Moutinho, 1950; Steffensen and others, 1950-51; Arruga, 1951; Barrios 
and Barriére, 1951; Offret and Forest, 1951; Scheie and others, 1951). 
In our own series of eight cases.the response has been somewhat similar to 
that of most types of deep keratitis. The acute inflammatory phase is 
almost invariably controlled; in early cases complete control may seem 
to have been attained, but relapses tend to occur with monotonous 
regularity on the cessation of treatment, and no effect whatever has been 
obtained upon established scars. 
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(0) Mooren’s Utcer—Lavery and others (1951) reported a case which showed no 
response, a conclusion substantiated by the negative results obtained in the three cases 
in our series, although in two of these subjective relief and a regression of vascular- 
ization occurred, 


(p) CorNEAL Scars.—These are relatively unaffected by cortisone. It is noteworthy 
that Briickner (1951) found that a recent scar perforated shortly after the institution of 
local treatment, while Fitzgerald and others (1951) found little value in the treatment 
of unstable corneal scars. 


(2) SCLERAL AND EPISCLERAL INFLAMMATIONS 


(a) EpIscLeRITIs.—This is reported as almost invariably responding 
well to treatment with cortisone—thirty cases treated locally 
(Moutinho, 1950; Jensen and Ward, 1951; Arruga, 1951; Barrios 
and Barriére, 1951; McLean and others, 1951; Lavery and others, 
1951; Scheie and others, 1951; Leopold and others, 1951; Fitzgerald 
and others, 1951), and seven cases treated systemically (Mann and 
Markson, 1950; Calamandrei and Ferrata, 1950; Mundy and 
others, 1951; Fitzgerald and others, 1951). 


(b) ScLeRiTIs.—Here the response has been less uniformly good. 
There were 15 per cent. of failures in 28 cases treated locally 
(Moutinho, 1950; Moutinho and Basto, 1951; Werner and Lavery, 
1951; McLean and others, 1951; Lavery and others, 1951; Mosher, 
1951; Fitzgerald and others, 1951; Leopold and others, 1951), and 


with general treatment three cases, reported by Henderson and 
Hollenhorst (1950-51) and Olson and others (1950-51), relapsed. Our 
experience of sixteen cases shows results which are more variable and 
capricious than the literature would suggest. Cases with a rheumatic 
aetiology mostly showed a marked immediate improvement, 
occasionally, however, confined to the subjective symptoms; relapses 
were prone to occur, and 20 per cent. of cases of scleritis showed no 
response. It is probable that, at any rate so far as local treatment is 
concerned, this method of therapy is better than any other available, 
is usually dramatic when the inflammation is superficial, but is by 
no means so effective in the deeper types of disease, particularly 
when metabolic disturbances are widespread. 


(3) CONJUNCTIVITIS 


(a) CHRONIC CONJUNCTIVITIS.—Of the 34 cases treated locally which 


are reported in the literature, the majority has been reported as 
showing considerable and sometimes marked improvement (Arruga, 


1951; Jensen and Ward, 1951; McLean and others, 1951; Scheie 
and others, 1951; Fitzgerald and others, 1951; Leopold and others, 


1951); some {2 per cent. of the chronic cases, however, either 
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showed no improvement or relapsed. In our series, two cases of 
chronic conjunctivitis were treated by drops, one with a good and 
one with a bad result. Eight cases have been labelled as allergic 
conjunctivitis (Moutinho, 1950; Moutinho and Basto, 1951); these 
have all been reported as cured, and of the three allergic types in our 
series, all responded rapidly and well, one case, for example, which 
had persisted for one year, being “‘ cured ”’ in three days. 


(6b) FOLLICULAR CONJUNCTIVITIS.—Lavery and others (1951) reported 
marked improvement in one case treated locally. 


(c) SPRING CATARRH.—This condition comes into a category of its 
own. Of 28 cases treated locally (Moutinho, 1950; Steffensen and 
others, 1950-51; Henderson and Hollenhorst, 1950-51; Olson and 
others, 1950-51; Arruga, 1951; Rossi, 1951; Mosher, 1951; 
Barrios and Barriére, 1951; Moutinho and Basto, 1951; Leopold 
and others, 1951; McLean and others, 1951; Scheie and others, 
1951), only one was said to have been unimproved while the remainder 
showed an unusually good response, but 25 per cent. relapsed in a 
short time. A similarly good immediate response, using general 
treatment, was obtained in one case each by Harvey and others (1950) 
and Hogan and others (1951); but one of these rapidly relapsed. 
In our single case, which had a history of 2 years, the immediate 
response to drops was dramatic. It would seem that in this condition 
the instillation of cortisone relieves the immediate symptoms of 
itching and irritation more dramatically than any other medicament 
and that it rapidly diminishes the exuberance of the vegetations; but 
it appears likely that. the continuance of treatment to a modified 
degree is necessary during practically the whole season in which the 
symptoms are liable to recur. It is not yet known, of course, how a 
case thus treated will behave in a subsequent year; the probability 
is that a repetition of treatment will be necessary. 


(d) ERYTHEMA MULTIFORME EXUDATIVUM affecting the conjunctiva 
(STEVENS-JOHNSON DISEASE) has been treated locally by Bleier and 
Schwartz (1951), Scheie and others (1951), and Leopold and others (1951), 
with no response except in one case which showed some improvement. 
In one of our cases treated topically, no response whatever to the instilla- 
tion of drops was apparent; but in one very severe case which was treated 
systemically as well as with drops, the ocular conditions improved although 
the affections of other mucous membranes remained unchanged. 


(e) OCULAR PEMPHIGUS.—This cannot be said to respond dramatically, 
but the reports in the literature are somewhat varied. Of four cases 
treated locally, three showed no response to treatment while one was 
noted as showing improvement (Werner and Lavery, 1951; Lavery and 


Others, 1951; Leopold and others, 1951). Fitzgerald and others (1951) 





660 STEWART DUKE-ELDER 


described a case which showed no response to local treatment but was 
promptly cured on the administration of ACTH. Cannon and others 
(1951) reported a series of seven cases treated systemically ; two died, 
three showed some improvement though the disease remained active, and 


in the two others a temporary improvement was rapidly followed by a 
relapse. In our series, three cases received local treatment by the 


instillation of drops for a relatively short period (14 days), but none 
showed any response. Two were treated systemically with the same 


negative result, and of these one died after 3} months’ treatment. On 
the whole, it may be that isolated cases respond to systemic treatment, but 


the response appears usually to be partial and temporary; in general, the 
results of cortisone therapy so far obtained in this disease are disappointing. 


f) Eczematous ConpiITIONS OF THE Lips.—These have been reported on 
by Briickner (1951), who used local cortisone with good results, and by 


Hogan and others (1951) who obtained a temporary improvement in a 
case treated systemically. 


(g) ATROPINE AND DRUG IrRRITATIONS.—These have received a 


considerable amount of attention. The literature shows a series of 
thirteen cases treated locally with one recorded failure (Woods, 


1950-51; Arruga, 1951; McLean and others, 1951; Leopold and 


others, 1951), and four cases treated systemically with invariable 


success (Carey and others, 1950; Howard and others, 1950). Our 


experience has been by no means so uniformly successful; 25 cases 


were all treated locally by drops, the majority of them showing 


irritation to atropine. Ofnineteen such cases, six showed a subsidence 
of the allergic reaction, in 3 the reaction was controlled for a time 


but recurred during cortisone treatment, in four no effect was 


evident, and the remaining six developed atropine irritation during 
treatment by cortisone. Irritation to hyoscine reacted in much the 


same way, and equally equivocal results were observed in irritation 
to albucid and penicillin. In view of the known effect, sometimes 


dramatic in degree, of cortisone upon allergic reactions, the equivoca) 
nature of our results in the local allergic reactions to drugs of the 


conjunctiva and palpebral skin is both surprising and disappointing. 


Il. DEGENERATIVE CONDITIONS 


It may be said at once that, while many inflammatory ocular 
diseases show, at the least, a good immediate response to treatment 
by cortisone, particularly in their earlier stages, degenerative 
conditions show a monotonous absence of improvement, any good 
effect of the treatment would appear to be an incidental and usually 
transient amelioration of irritative symptoms in a few degenerations 
affecting the outer eye. 
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(A) Degenerative Conditions of the Inner Eye 


(1) PRIMARY PIGMENTARY DEGENERATION: OF THE RETINA (RETINITIS 


PIGMENTOSA).—This has been treated systemically in twelve cases by 
Olson and others (1950-51) and McLean and others (1951), and locally in 


sixty cases by Arruga (1951), Barrios and Barriére (1951), and McLean 


and others (1951). Apart from one questionable case, the results were 
uniformly bad. 


(2) ANGIOID STREAKS were treated systemically by Olson and others 
(1950-51) without result. 


(3) CHOROIDERAEMIA—A_ similar negative result was reported by 
McLean and others (1951) in three cases. 


(4) Myopic CuH@rio-RETINAL DEGENERATION.—No response was seen 
in a case treated locally by Arruga (1951). 


(5) Tay-Sacus Distase.—Scheie and others (1951) found no response 
to systemic tr eatment in one case. 


(6) SENILE AND EXUDATIVE MACULAR DEGENERATION has similarly given 


uniformly disappointing results in the 21 cases reported in the literature 
(Olson and others, 1950-51; Arruga, 1951; Fitzgerald and others, 1951; 


McLean and others, 1951; Leopold and others, 1951), an experience 


paralleled by the eight cases in our own series. In the exudative types 
at their early stages, there may have been some evidence of absorption 


leading to some visual improvement of a temporary nature in three cases, 
but the general picture is depressing. 


(7) Optic ATRopHy.—Of three cases which received systemic treatment 


(Olson and others, 1950-51; McLean and others, 1951) none showed any 


response. 

(8) Cataract.—Patients who were undergoing systemic treatment with 
cortisone or ACTH for other conditions and who also had cataract were 
studied by McLean and others (1951), who observed no therapeutic effect 


on the lens in any of them. 


(B) Degenerative Conditions of the Outer Eye 


Corneal degenerations offer a similarly disappointing picture. 


(1) Buttous Keratitis.—An improvement was noted in only two cases 
out of nine (Mosher, 1951; McLean and others, 1951). 


(2) Recurrent Erostons.—A good result was obtained by McLean and 
others (1951) in two cases. 


(3) FILAMENTARY KERATITIS.—Artuga (1951) found no improvement, 


and McLean and others (1951) reported prompt clearing in one case; in 
our one case a good effect was noted with treatment by drops, but a 


relapse occurred immediately the treatment was stopped. 
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ale 4) Suen DystropHy.—No response was observed by Arruga 


(5) Fucus’ DystropHyY cowie, temporary response was seen in two cases 


out of sixteen (McLean and others, 1951; Fitzgerald and others, 1951). 


(6) BAND-SHAPED KERATITIS.—One case was reported by Scheie and 


others (1951) to have shown no improvement, and a temporary slight 
improvement was seen in one case in our series. 


(7) Exposure KeEratitis, due to cicatrization following lupus, was 
found by Fitzgerald and others (1951) to improve on local treatment. 


(8) OTHER MISCELLANEOUS DEGENERATIONS OF THE CORNEA.— Various 
other conditions were recorded as unimproved (Steffensen and others, 


1950-51; Woods, 1950-51; Lavery and others, 1951; Leopold and others, 
1951). 


Iii. Post-OperRATIVE AND TRAUMATIC INFLAMMATIONS 


The inflammatory response of the tissues of the eye to local 
trauma, post-operative or otherwise, would seem to be a legitimate 
field for the exploitation of cortisone; and so it has turned out to be. 
Its use in such cases, however, has been tempered by the finding of 
experimental and clinical observers that the healing process has been 
delayed not only in its acute exudative phases but also in the fibro- 
blastic activities of tissue-repair after the exhibition of this hormone. 
This subject will be discussed more-fully in a later paper (Duke-Elder 
and Ashton, 1951) and, although there is no doubt that while this 
repression of reparative activity is marked in such highly vascularized 
tissues as the skin or bone, experimental work has shown that such 
an effect is less obvious in the eye, particularly in the avascular . 
cornea. It would indeed appear that effective, although not so 
exuberant, healing occurs in corneal wounds in experimental animals 
under the influence of cortisone. Reasoning from the inhibitory 
effect evident in other tissues, the opinion has been usually stressed 
that cortisone should not be given for some days after operation 
when satisfactory healing has probably established itself, but it seems 
questionable whether the effect is of sufficient magnitude to preclude 
its use in small doses in this type of case. This view is borne out by 
the fact that several authors have reported successful and un- 
complicated healing in operations conducted while the patient has 
been under cortisone therapy for the control of an acute or subacute 
inflammatory disease, the remission in the inflammatory symptoms 
often allowing surgical intervention to be successfully undertaken in 
cases which would otherwise have given rise to anxiety (Henderson 
and Hollenhorst, 1950-51; Hogan and others, 1951; Fitzgerald 
and others, 1951). 
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(1) PosT-OPERATIVE KERATITIS, including striate keratitis and other 
oedematous conditions of the cornea, has invariably been said to clear well 
with local treatment by cortisone drops (Steffensen and others, 1950-51; 
Arruga, 1951; Offret and Forest, 1950-51). This experience is confirmed 


in our series of cases; it is interesting that a violent chemosis after an 


operation for strabismus disappeared within 5 days. 


(2) Post-OPERATIVE AND POST-TRAUMATIC UVEITIS.—Reports are 
available in the literature of 37 cases of post-operative uveitis treated by 
local methods (Desvignes and others, 1950; Michaud and Forestier, 1950; 
Woods, 1950-51; Lavery and others, 1951; Mosher, 1951; Trope, 1951; 
Arruga, 1951; Werner and Lavery, 1951; Leopold and others, 1951; 
Scheie and others, 1951; Fitzgerald and others, 1951), and of 22 cases 
treated systemically (Theodore, 1950; Lippmann, 1950; Woods, 1950-51; 
Olson and others, 1950-51; Scheie and others, 1951; Fitzgerald and 
others, 1951); to these may be added our observations on 34 further cases 
treated by drops or subconjunctival injections. 

On the whole, the results, although variable, are good in this type of 
case. About 25 per cent. of cases have shown little or no response, but 
most demonstrate an initial improvement. This applies equally when the 
inflammation is a simple post-traumatic reaction and when it appears to 
be due to the presence of lens substance in the eye after an extracapsular 
extraction of cataract or to a phako-anaphylactic reaction. 


It is indeed probable that in cases of persistent irritation after an 
injury or operation, cortisone treatment (perhaps preferably given as 
an ointment) is a most effective therapeutic measure. In several 
cases in our series, a post-operative iridocyclitis which showed little 
or no amelioration to the usual methods of treatment, quietened 
rapidly and resolved, even in such unpromising subjects as diabetics. 
And in cases of perforating injury, where the appearance of aqueous 
flare, cells in the anterior chamber, and keratic precipitates associated 
with progressive signs of inflammation in the injured eye would 
normally have led to its excision, the timely exhibition of cortisone 
by drops or subconjunctival injection led to the prompt subsidence 
of inflammatory signs and allowed the retention of the eye without 
harm to its fellow. 


(3) Post-OPERATIVE AND POST-TRAUMATIC INTRA-OCULAR INFECTIONS.— 
These conditions have received less attention. The literature contains the 
reports of eight such cases (Hartmann and others, 1950; Olson and 
others, 1950-51; Fitzgerald and others, 1951), and our experience includes 
five. On the whole, it may be said that cortisone is frequently capable of 
holding the acute inflammatory evidences in check until the infection is 
overcome by antibiotics, in which case the eye may retain its function. 
If, however, the infection remains uncontrolled, the prognosis is usually 
bad. Thus in a case of vitreous abscess reported by Olson and others 
(1950-51), the inflammation was controlled initially but a subsequent 
relapse necessitated the eventual excision of the eye. 





664 STEWART DUKE-ELDER 


(4) CoRNEAL GRAFTS.—A considerable amount of attention has 
been given to the possible value of cortisone in the early post-operative 
period of corneal grafts. It is well known that in certain cases, 
particularly when the graft is applied to a heavily vascularized or 
' densely opaque cornea, the graft may tend to become hazy and to be 
invaded by new vessels from the second to the sixth post-operative 
week. It has been suggested that cortisone might have an inhibitory 
effect on any mutual intolerance based on an allergy-antibody 
reaction between the host cornea and the graft and might in this way 
exercise some effect in reducing opacification and inhibiting 
vascularization. Surgeons have hitherto delayed the exhibition of 
cortisone for some days after the operation in case the hormone 
interfered with the healing of the graft. 


In the literature nineteen cases of this type have been reporied: in 
nine a successful result has been claimed; in seven (three of which were 
treated parenterally) the treatment is said to have been without 
effect; in the remainder, the results were indeterminate (Hartmann 
and others, 1950; Woods, 1950-51; Offret and Forest, 1951; 
Scheie and others, 1951). In the six cases in our own series a 
subsidence of inflammatory signs and a tendency for early opacifica- 
tion to clear were noted after treatment by cortisone, and in three of 
them the progress of vascularization of the graft seemed to have 
been checked; in none could the effect be said to be dramatic, but 
only one of the six cases showed no apparent response. It would 
seem on the whole (although an evaluation of such treatment is 
difficult and at this stage probably dangerous) that the topical 
exhibition of cortisone, either by drops or by ointment, is sufficiently 
encouraging in cases wherein cloudiness and vascularization of the 
graft seem imminent to make such treatment worth while. 


(5) BLOOD-STAINING OF THE CORNEA.—One case was treated locally by 
Fitzgerald and others (1951) with strikingly good results. © 


(6) Post-RADIATIONAL X-RAY CONJUNCTIVITIS AND IRITIS.—In our series 
of cases this condition showed a rapid improvement; a similarly rapid 
relief of subjective symptoms together with a resolution of an iritis within 
5 days followed the instillation of cortisone drops in a case of radiational 
inflammation following radium therapy given for an ethmoid carcinoma. 


(7) CHEMICAL INJURIES.—A number of chemical injuries mainly affecting 
the cornea has been reported in the literature; the results have been 
variable and not very conclusive. 


Lime Burns.—Among nine cases treated locally reported in the literature 
(Trope, 1951; Werner and Lavery, 1951; Lavery and others, 1951; 
Leopold and others, 1951), seven are said to have improved and two to 
have shown no response to treatment. Our own single case, which was 
treated topically, showed no significant improvement. 
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Acid Burns.—One case reported by Lavery and others (1951) which was 
treated topically showed no beneficial result. 


Alkali Burns.—Among four cases reported by McLean and others (1951) 
and Lavery and others (1951), local treatment was said to produce an 
improvemenié in two, but had no effect in the remaining two. 


Silver Nitrate Burns.—One case was reported by Fitzgerald and others 
(1951) to have improved; one treated by us showed relief of the congestion 
but no other marked effect. 


Mustard-Gas Burns.—Two cases were found by Scheie and others (1951) 
to be unimproved; in our one case there was rapid initial improvement 
with healing of the ulcers, but a relapse occurred 10 days after cessation 
of treatment. 


IV. MISCELLANEOUS CONDITIONS 


(1) DraBetic RETINITIS.—Tiiis has been treated locally in thirty cases 
(Woods, 1950-51; Arruga, 1951; McLean and others, 1951) without any 
good result. Woods subjected one case to systemic treatment with a 
questionable result. Systemic treatment in diabetes has obviously to be 
very carefully controlled, but on the whole it would seem that there is 
little prospect of inhibiting’ the exudative phenomena in the retina in 
this disease. 


(2) Coats’ DisEAse.—In view of the exudative nature of this disease, 
two cases were treated systemically by Woods (1950-51), and two in our 
series were treated by subconjunctival injections. In none was any effect 
obtained. 


(3) CENTRAL RETINAL VENOUS THROMBOSIS.—One case has been treated 
systemically (Fitzgerald and others, 1951), and two by retrobulbar injections 
(Arruga, 1951; Barrios and Barriére, 1951). None showed any good 
effect. 


(4) RETROLENTAL FIBROPLASIA.—Much interest has been taken in the 
effect of cortisone in thiscondition. Systemic treatment has been attempted 
in thirty cases (Woods, 1950-51; Reese and Blondi, 1951; McLean and 
others, 1951; Scheie and others, 1951; Fitzgerald and others, 1951), 
mainly by ACTH. Local therapy with cortisone has been found to be 
without effect in three cases reported by Fitzgerald and others (1951) and 
in two in our series. 

In assessing the value of treatment by ACTH in this disease it is 
interesting that in fourteen cases Reese and Blondi found uniformly good 
results, in the sense that the progress of the disease stopped. Scheie 
and his colleagues, in five cases, concluded that two were arrested and 
three unaffected, while all other observers have reported negative results. 
The treatment has been given on the theory that the pituitary gland is not 
fully developed at birth and ACTH appears in the mother’s placenta only 
in the last 3 months of a normal pregnancy. It is obvious, therefore, that 
a premature infant might suffer from a deficiency in cortical hormone and, 
indeed, a deficiency of steroids has been found in the urine which can be 
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remedied by stimulating the adrenal cortex with exogenous ACTH. It 
must be remembered, however, that the clinical appearances described as 
retrolental fibroplasia probably do not constitute a single uniform disease- 
entity; moreover, it is well known that many cases progress to a certain 
point and then stop spontaneously. It may have been that the uniform 
success reported from New York is explicable on the supposition either 
that this group formed an atypical type of case or that it was of a non- 
progressive nature. However this may be, it is obvious that further work 
must be done on this subject before any definite opinion can be expressed. 


(5) GLaucoMA.—A few cases of primary glaucoma have been treated 
systemically by cortisone or ACTH, both of the simple and congestive 
variety (Blake and others, 1950; Olson and others, 1950-51). None of 
them showed any response. Similarly, negative results using local 
treatment were obtained by Barrios and Barriére (1951) and by 
Fitzgerald and others (1951), who found no response in a case of secondary 
glaucoma due to a hypermature lens. In our series, a similar negative 
result followed local treatment of a case developing secondarily to a 
dislocation of the lens. Fitzgerald and others (1951) also recorded a 
failure in a case of secondary glaucoma following retinal venous 
thrombosis treated systemically. The very different response in secondary 
glaucoma associated with iridocyclitis has already been noted. 





(6) SJ6GREN’S SYNDROME.—Of three cases of Sjégren’s syndrome treated 
by Offret and Forest (1950), Frenkel and others (1951), and Fitzgerald and 


others (1951), one is said to have shown a temporary improvement | 


followed by a relapse, the other two showed no effect. The result in a 
single case in our series treated by local injection must be classed as 
negative. 


(7) EXOPHTHALMIC CONDITIONS.—The pathology of exophthalmos 
associated with pituitary-thyroid disturbances, with its marked oedema 
and exudation, has suggested to several workers that the condition might 
be amenable to cortisone therapy. Scheie and others (1951) found that a 
case of thyrotoxic exophthalmos was unaffected by systemic treatment, 
a result corroborated by Woods (1950-51) in a case of thyrotropic ex- 
ophthalmos (exophthalmic ophthalmoplegia). Cole (1951), on the other 
hand, in a case of the latter disease following thyroidectomy, found a 
rapid reduction of 8 mm. in the exophthalmos within a period of one 
week with ACTH. Local treatment has been tried in this latter condition 
by Woods (1950-51) and by Fitzgerald and-others (1951) in three cases; 
the results were all indeterminate, although the chemosis became less 
apparent. The material available is not yet sufficient to allow any 
definite conclusion, but it is obvious that the hormone does not act as a 
panacea in this disease although Cole’s report would suggest that ACTH 
might legitimately be given a trial in serious cases. 


(8) NEOPLASMS.—Olson and others (1950-51) treated a carcinoma of the 
limbus, at a stage when it was not definitely diagnosed, with cortisone, and 
this was followed by an apparent improvement due to diminution of the 
vascularization. A conjunctival granuloma was treated by drops in our 
series without effect. 
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(9) NEOPLASTIC DISEASE OF THE RETICULAR SYSTEM.—We have already 
indicated that an atrophy of lymphatic tissue occurred as one of the 
metabolic results of the continued administration of cortisone or ACTH. 
This observation has led a number of authors to explore the possibility 
that these substances might control the various manifestations of leukaemia 
or neoplastic conditions of the reticular system. A few papers deal with 
this question from the point of view of general medicine, particularly those 
by Pearson, Eliel, and their collaborators (1949-51), who have extended 
their observations to over seventy patients. It would appear that these 
hormones have some palliative value in chronic lymphatic leukaemia, 
and in some types of lymphosarcoma and multiple myeloma, while a slight 
temporary improvement has been observed in Hodgkin’s disease. In all 
cases, the response to hormone therapy apparently develops with some 
rapidity but the remission tends to be temporary. No response has been 
obtained in chronic myelogenous leukaemia, acute monocytic leukaemia 
or in a variety of sarcomata. Nothing has so far been published on the 
manifestations of these diseases as applied particularly to the eye, but 
presumably the same principles will obtain. 


Summary 


in view of the frequency with which the eye is affected by acute 
inflammatory processes, and of its susceptibility to permanent 
functional damage as a result thereof, cortisone therapy is peculiarly 
effective in ophthalmology, its value being considerably enhanced by 
the ease and safety of local treatment. 

The general clinical effect of cortisone in ocular diseases may be 
summarized, as far as this is possible at the present early stage in our 
knowledge, by saying that it temporarily blocks the exudative phases 
of inflammation whether bacterial, anaphylactic, allergic, or 
traumatic in origin, and that it inhibits fibroblastic formation in the 
stage of tissue-repair without in itself influencing the cause of the 
responsible disease. It is without effect on the organized sequelae of 
inflammatory disease or on degenerative conditions affecting the eye. 

Of the therapeutic methods available, local treatment, particularly 
by drops or ointment, is indicated in external diseases of the eye, 
and by drops, ointment, subconjunctival, or, if necessary, intra- 
cameral injections, in intra-ocular inflammatory conditions of the 
anterior segment of the eye; systemic therapy is indicated in diseases 
affecting the posterior segment. 


(1) The following conditions usually, but not invariably, respond 
well to cortisone, the degree of response being proportional to the 
early commencement of therapy, and to the degree of severity of 
the inflammation: 

With Local Therapy 
acute and subacute iridocyclitis (infective, allergic or post- 
traumatic), 








STEWART DUKE-ELDER 


sympathetic ophthalmitis, 

infective superficial keratitis, 

early deep keratitis (including zoster and other viral types), 
syphilitic interstitial keratitis, 

episcleritis, 

phlyctenular’ kerato-conjunctivitis, 

rosacea keratitis, 

spring catarrh. 


With Systemic Therapy 


acute and subacute generalized uveitis, 
early focal choroiditis. 


(2) The following conditions respond indifferently or irregularly: 


chronic iridocyclitis, 

chronic choroiditis, 

chronic general uveitis, 

scleritis, 

irritation to atropine and other drugs, 
superficial corneal degenerations, 
chemical injuries. 


(3) The following conditions show no response: 


Mooren’s ulcer, 

corneal scars, 

pemphigus, 

Stevens-Johnson’s syndrome, 

dystrophic conditions of the cornea (Groenouw’s, Fuchs’, band- 
shaped keratitis, etc.), 

mustard-gas keratitis, 

Sjégren’s syndrome, 

Coats’ disease, 

‘central retinal venous thrombosis, 

periphlebitis retinae (Eales’ disease), 

primary pigmentary degeneration of the retina, 

pigmentary macular degeneration, 

primary glaucoma, 

cataract, 

optic atrophy, 

degenerative ocular conditions generally. 


(4) More observations are required to allow any assessment in the 





following conditions: 


dendritic herpetic ulcers, 
superficial punctate keratitis, 
epidemic kerato-conjunctivitis, 
sclerosing keratitis, 

central serous retinopathy, 
exudative macular retinopathy, 
optic neuritis, 
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retrolental fibroplasia, 

reticuloses, 

exophthalmic conditions, 

early pathological changes in corneal grafts. 


The main gaps in our present knowledge are the absence 
of adequate after-histories, the most useful methods whereby to 
combat, if possible, the deleterious effects of the more chronic types 
of inflammatory disease, and the most efficient techniques wherewith 
to forestall relapses when aetiological factors remain operative over 
considerable periods of time. 

Cortisone therapy cannot justifiably be said to cure any ocular 
disease; while the use of this hormone may be of immense advantage 
in temporarily blocking the acute evidences of inflammatory processes 
or subacute exudative phenomena and thus preventing the occurrence 
of damage to the eye which may on occasion be catastrophic, its 
action is confined to the time during which it is administered and 
shortly thereafter, and its use can in no sense replace specific 
aetiological treatment. If cortisone treatment alone be relied upon 
as a method of therapy, the factor dominating the prognosis of 
practically every case is the occurrence of relapses. Thus the value 
of this hormone in ophthalmology is limited, but within its 
restrictions it is great, particularly if the cause of the malady is 
eradicable or the inflammation self-limiting. There is no value in 
its haphazard administration in every recalcitrant disease affecting 
the eye, particularly if it is used as a substitute for diagnosis and 
therapy directed against the aetiology. 
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A SERIES OF CASES TREATED LOCALLY 
BY CORTISONE* 


A Preliminary Report to the Medical Research Council by the Panel on the 
Ophthalmological Applications of Cortisone and ACTH 


Sir Stewart Duke-Elder (Chairman), O. M. Duthie, J. Foster, 
F. W. Law, A. Lister, A. Mckie Reid, G. I. Scott, 


E. C. Zorab, and A. J. B. Goldsmith (Secretary). 


Tuts paper reports the results of a preliminary survey of the effects 
of cortisone in 416 cases of various types of ophthalmological 
disease. This investigation was undertaken with the object of 
making a general preliminary survey of the field of cases in which, 
according to early reports from other sources, cortisone had been 
found of use, so that particular conditions meriting more intensive 
study might be selected. Supplies of cortisone have only been 
available to us for a period of 10 months and this communication 
must be considered as of a preliminary and perhaps even premature 
nature. All the cases recorded have had a minimum of 6-months’ 
after-history since the cessation of treatment, but it is quite evident 
that after-histories so short are of little value in many ocular 
conditions, particularly those that are prone to suffer relapses. In 
view of the fact that our conclusions must at the present time be 
considered as tentative, the résumés of cases are extremely short, but 
it is hoped at a future date to supplement this first series of observa- 
tions with more detailed and critical assessments. In the meantime, 
our own results have been compared with those which have already 
appeared in the literature, and the general position is assessed in the 
first paper in this issue of the Journal, to which reference should be 
made. 

In all the cases recorded in this paper, cortisone has been given 
locally, either by the instillation of drops or by subconjunctival 
injections; the relatively few cases which we have had the opportunity 
of treating either by intra-tenon or retrobulbar injection, or by 
parenteral therapy, are not sufficiently numerous to warrant their 





* The cortisone used in this investigation was supplied by the Medical Research Council and was in 


part derived from a gift from Merck & Co., made jointly to the Medical Research Council and the 
Nuffield Trust. 
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inclusion; these will be made the subject of a later communication. 
Drops were given usually in 1 in 4 dilution with the buffered phosphate 
diluent by the technique already described in the foregoing paper. 


The subconjunctival injections consisted of 0.2 to 0.3 ml. of the 
standard Merck’s suspension of cortone acetate, every 3 to 5 days. 


IRIDOCYCLITIS 


In general terms, the cases reported show that the results of 
cortisone treatment in acute iridocyclitis in its first attack (Table }) 
are excellent, with rapid resolution or definitely accelerated healing. 
In one bilateral case, the effect of cortisone was clearly demonstrated 
by treating the worse eye which rapidly became the better. In a 
significant proportion of cases, relapses followed the cessation of 





treatment. 


TABLE I 


ACUTE IRIDOCYCLITIS (FIRST ATTACK) 

















Eye Affected and , | 
Age Presumed | Cortisone| Effect Remarks 
Aetiology | | 
36 | Right ? | G, | Improved in 12 days | Secondary glaucoma con- 
trolled only temporarily 
27 | Both Dental | G. Accelerated resolution ai: 
a ag treated (worse) 
43 | Left ? G. Rapid resolution = 
38 | Left -? |G. | Rapid resolution — 
27 | Left E G. Rapid resolution ane 
48 | Left ? |G. Rapid improvement Two relapses within 5 
| wks controlled by treat- 
ment 
37 | Right Dental | G. Accelerated resolution _ 
46 | Right Dental | G.+I. 2 | Rapid resolution ere 
42 |. Left ? | G.+I.2 | Rapid improvement — 
55 | Left ? G.+I. 2 | Rapid resolution Glaucoma controlled 
46 | Right > 1.1 Rapid resolution Glaucoma controlled 
47 | Right 2° [a2 Rapid resolution Relapse 9 days after cessa- 
| tion of treatment 
46 | Left Dental | I. 2 Rapid improvement Glaucoma controlled 
52 | Right ? I.1 Rapid resolution — 
46 |Left Gonococcal| I. 2 Rapid resolution Glaucoma controlled 
40 |Right Gonococcal] I. 1 Rapid resolution “= 
51 | Left ? 1.2 Rapid improvement = 
60 | Right ? 1.2 Accelerated resolution — 
68 | Left b 2 Flare abolished Secondary glaucoma un- 
| | affected 
| | Early operation 
43 | Left 2 CES Good, delayed ar yee resolution after 
| | ays 
50 | Right ? | 1.8 | Accelerated resolution | Left (untreated) developed 
iris bombé 








In all the Tables the following abbreviations should be noted: 
injections, the following digit denoting the number given; 


G., Guttae; L, subconjunctival 


the fractions 6/6 etc., ‘denote visual acuity. 
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In acute iridocyclitis in its second and subsequent attacks (Table Il), 
the improvement is on the whole less dramatic, but again, as a rule, 


accelerated resolution was seen. 


TABLE II 


ACUTE IRIDOCYCLITIS (SECOND AND SUBSEQUENT ATTACKS) 





























| Eye Affected and | po vious 
Age Presumed ‘Attacks Duration! Cortisone Effect Remarks 
Aetiology 
31 | Both ?Tonsils | Several | 2 yrs G. Improved Hypopyon cleared 
rapidly; relapsed 
29 | Both ? Several | 3 yrs G. | Rapid resolution — 
60 | Right ? Sev 16 yrs G. | Rapid improvement 
30 | Left ? Sev Tee | Rapid improvement — 
28 | Both ? Several | 10 yrs | G. | Improved — 
39 | Both Dental 3 2yr ; G. | Accelerated resolution — 
45 | Left 3 1 3mths_| G. | Rapid and complete - 
| | | resolution 
56 { Left ? 1 | — | G.+12 | G. Nil. I. Improvement — 
| Right Dae: | 1 eel teat a improvement Spondylitic 
54 | Right y Hie ides See ses perce < AS 2. Bd light improvement — 
| | I. Rapid improvement _ 
48 | Left Se 3 9yrs | G.+1.2 | Accelerated improve- — 
| | ment 
36 | Both 2 | 8 | Tyr | G.+L1 | Marked initial Relapse _ responded 
} improvement | less well 
35 | Both ? Several | 4 yrs G.+1L.4 Gradual improvement | 
44 | Right ? 5 l yr 1,2 Rapid resolution | Hypopyon cleared 
| tapi 
57 | Right y ee ae: | — 12 Rapid improvement Spondylitic 
53 | Both 2? | Several; 2yrs | I.1 both | Improved ; Glaucoma controlled 
| _Relapsed later 
36 | Right ? — | Syrs | 13 | Rapid resolution | 2 relapses controlled 
56 | Both ? Several 13 yrs | 1.2 Rapid resolution j "ag after 4 
| } | Wks 
37 | Gonococcal | Several | 17 yrs | 1.2 | Rapid resolution | _ 
23 | ? Boeck’s sarcoid | Several 4yrs | 13 Doubtful | Early abolition of 
| | flare and nodule 
| | .Complete resolution 
| | delayed 
24 | Rheumatic | Several | 2 yrs 1.3 Delayed response | Sudden __ resolution 
| | | | after 10 days 
51 | ?Dental | Several | 13 yrs | I.2 Rapid resolution — 
56 ? Rheumatic Many | 25yrs | 1.3 | Accelerated resolution _ 
47 | Both Many | 17yrs | 1.2 Rapid resolution —_ 
36 Both ; Many | 17yrs | 1.4 Rapid resolution 
52 ? 3 | 3 yrs 14 Rapid resolution in Previous “attacks 4 
11 days mths; relapsed 
-# Left ? Several | 2 yrs 1.4 Very little 
43 | R 04 ? Several | 2 yrs 1.4 | Improved slowly | Relapsed 
? : SED aad tees Se: | Accelerated resolution | 
| ti | 4 | 18 mths} 1.6 both Complete remission _ 
| both eyes | | 
granulomatous | | 
inflammation ls 
21 | Behcet’s | Many 2yrs*|', L5 | Nil = 
| syndrome 2 
28 | | Bebiget’ s | Several | 3yrs | - 1.3 Nil | _ 
syndrome |Present | 
| | attack | 
7 days | 





In subacute iridocyclitis (Table III) a much less dramatic effect 


was seen. A few cases showed rapid improvement, 


but the 


amelioration of the condition was generally slower and less complete. 
In chronic iridocyclitis (Table IV), any improvement is slight, 
slow, and frequently temporary, and can be counted on to last little 


longer than the duration of the therapy 


itself. 
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TABLE III 
SUBACUTE IRIDOCYCLITIS 
Age Duration of Cortisone| Effect Remarks 
all Attack 
: | 
51 wks G. | Slight improvement —_ 
78 | 1 mth Both | G. Slight improvement — 
48 | 1 mth Both | G. Improved rapidly Relapse 4 days after treat- 
| ment controlled by 
i further cortisone 
35 | 1 mth Right | G. | Slow improvement on — 
| treatment 
54 | 2mths_ Right | G. | Slow resolution on — 
| treatment 
45 4 wks | G, | Rapid improvement = 
21 1 mth | G, | Slight improvement only, Relapses uncontrolled 
63 1 mth G. | Accelerated resolution ~- 
35 4 mths G. | Improved slowly _- 
72 6 mths G. | Rapid resolution — 
45 2 mths G. | Slow improvement — 
48 3 wks | G.+1.1 | Rapid resolution — 
72 | 1 mth G.+I1. 2 Rapid improvement Three relapses also con- 
| | trolled; quiet 3 mths 
| Glaucoma controlled 
31 | wks I. 3 Nil | =a 
22 | 6 mths 11.4 Completely clear while | — 
| | on treatment | 
24 | 3 mths | 1.3 | Slow resolution — 
8 \12 mths_ Right | I.2 | Improved on treatment | — 
|i7mths  Left| 1.2 _| Nil 
91 |{12 mths Right 1:2 Both eyes improved | sak 
|(12 mths Left | nil markedly on treat- 
| ment of one 
78 | 3 wks Left | I.1 Slight improvement | — 
51 | 1 mth Both | I. 1Both | Nil | Glaucoma not controlled 
78 4 wks 1.2 | Rapid improvement | Glaucoma controlled 
74 1 wk | 1.2 Improved | Glaucoma controlled but 
| | | relapsed 
49 | 1 mth 1.4 | Slow improvement | — 
22 | 4 mths 1.2 | Rapid improvement | — 
52 | 9 mths 1.8 | Slow improvement — 
52 | 6 mths | 1.4 | Slow improvement Glaucoma controlled 
27 | 7 mths 1.5 Improved while on | Frequent relapses in 6 mths 
” treatment | all controlled by treat- 
| | ment 
34 | 3 mths 1.1 Improved Relapsed later 
36 | 10 wks | 1.3 | Slow improvement _ 
25 | 6 mths Right | Ne Slow improvement ee on stopping treat- 
42 | wks | 1.4 | Slow improvement Co-operation doubtful 
5 2 yrs | 1. 3Both | Nil Still’s disease 
31 | 4 mths | 1.6 | Gradual complete reso- | Relapses after 3 wks and 
| lution |. 7 wks wiih poor response 
54 | 10 mths I.7 | Gradual resolution — 
26 | 6 mths 1.2 Rapid resolution Synechiae ruptured with- 
out atropine 
58 6 mths 1.7 Very little | Massive old keratic 
precipitates - 





continued overleaf 
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TABLE IlIl—continued 
SUBACUTE IRIDOCYCLITIS 



































Age woo of Cortisone Effect Remarks 
| 
| 
53 3 wks 1.2 Very little Old vitreous opacities 
50 12 mths 1.5 Slow improvement mo 
30 | {2 mths Left | I. 5 Improved _ 
‘(1 day Right | 1.4 Improved Relapse 5 wks later 
(? Sarcoidosis) 
42 3 yrs 1.8 Improved slowly but no | (? Sarcoidosis) 
| complete remission 
56 | 6 mths Left | 1.8 Complete remission Right eye excised 2 yrs 
| before; sarcoidosis 
21 | 2 yrs Both | G. Left | Improvement Leprotic kerato-irido- 
cyclitis 
Left (worse eye) became 
quiet 
Right (untreated better 
eye) became worse 
| Corneal infiltrates un- 
| changed 
TABLE IV 
CHRONIC IRIDOCYCLITIS 
Age | Duration | Cortisone Effect 
39 yrs Systemic | Nil 
and I. J 
42 10 yrs Slow improvement up to a point then no further 
Vitreous haze persists 
38 yrs Systemic | Nil 
| and I. 
+ ae yrs G.+I. Nil 
49 12 yrs zt: Nil 
42 | 1 yr 1.5 Nil 
26 | 3 mths G. Nil 
30 {2 yrs Right| I. 12 Slight improvement 
|\2yrs Left} Nil — 
73 | 2byrs L7 Improvement on treatment; relapsed 
30 | 4mths 1 ie Nil 
79 2 yrs G.+I.6 | Slight improvement on treatment 
| 2 mths later in statu quo ante treatment 
48 | 4 days G.+I.1 | Nil 
36 | 2 yrs 1.2 Improvement + on treatment; recurred later 
66 14 mths I.1 Nil apart from fragmenting of keratic precipitates 
25 5 mths I. Initial improvement but not maintained 
40 15 mths G. Improvement while on treatment ; relapsed 
62 | 15 mths G.+I.6 | Improvement on treatment; relapsed 
29 | 3 mths I. Nil 
43 | 9 yrs I. Slight improvement on treatment 
44 5 yrs G. Improvement on treatment, immediate relapses on 
cessation over a period of 7 mths 
22 | 3%yrs I. Improvement on treatment 





continued on next page 
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TABLE 1V—continued 
CHRONIC IRIDOCYCLITIS 








Age | Duration Cortisone | Effect 

33 2 yrs 1, Slow partial improvement 

52 4 yrs ' G.+I.2 | Improvement while on treatment, relapses on 
cessation 

19 6 mths I. 1 Slight improvement; relapsed later and again 
controlled 


53 8 mths 1.2 Nil 

75 18 mths 1.4 Slight improvement on treatment, immediate relapses 
on cessation; worse 6 mths later 

57 4 yrs G Improvement while on treatment; relapsed 

28 3 yrs I. Slow improvement while on treatment 

46 18 yrs G Improvement while on treatment 

57 2 mths G Complete resolution in 2 wks 














In iridocyclitis associated with rheumatic manifestations such as 
spondylitis (Table V), the same general principles appear; in acute 
recurrent exudative phases of the disease there is rapid improvement, 
but in the chronic type of case this is not apparent. 


TABLE V e 


IRIDOCYCLITIS AND UVEITIS ASSOCIATED WITH SPONDYLITIS, 
RHEUMATOID ARTHRITIS, ETC. 











Age | Type of iritis | Cortisone | Effect 
56 penaylits) Right: I. 3 Pr oyer a 
spondylitis : - no effect 
Left: G.+1.2 I. improvement 
57 Recurrent I.2 Rapid improvement 
(spondylitis) 
53 Recurrent G. Rapid improvement 
(spondylitis) 
55 Recurrent Both: I. 1 Improved 
(rheumatoid 
arthritis) | 
57 Recurrent | 1.2 Rapid resolution 
(rheumatoid Similar attack 1 yr before lasted 10 mths 
arthritis) | 
5 Chronic 2 yrs | Both: I.3 Nil 





(Still’s disease) | 








When iridocyclitis in its acute exudative phases is complicated by 
hypertension (Table VI overleaf), the glaucomatous interlude is usually 
completely relieved although the remission is occasionally only 
temporary; on the other hand, in those more chronic cases where a 
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blockage of the angle is apparent gonioscopically, no improvement 





can be expected. 


TABLE VI 
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SECONDARY GLAUCOMA COMPLICATING IRIDOCYCLITIS 












Age| Type of Iritis yn of Glaucoma Cortisone Effect on Glaucoma 
57 | Acute | Obliteration angle G. Temporary effect only 
46 | Acute | Exudative I. 1 Complete relief 
46 | Acute Exudative 12 Complete relief 
46 Acute | Exudative I.2 Complete relief 
55 | Acute Exudative G.+I. 2 Complete relief 
53 | Recurrent acute | Exudative I. 1 Both Complete relief 
51 | Subacute | Obliteration angle G. Nil 
51 | Subacute Obliteration angle I.1 Nil 
78 | Recurrent acute | Exudative Oe Complete relief 
74 Subacute | Angle block 1.3 Temporary improvement 

| | Subsequent relapse 
52 | Subacute ? 1.4 Controlled on treatment 
72 | Subacute | Exudative G.+I. 2 Complete relief 
39 | Chronic | Angle block I. 4 Nil—operation necessary 
25 | Diabetic | Angle block G.+I1.2 Nil 
40 Diabetic (with | Angle block 1.4 Nil 
rubeosis) 














In generalized uveitis (Table VII) of indeterminate aetiology, our 


experience is much less favourable. 


The results in the few cases of 


this disease treated by us, all of which were in the chronic phase, 
have not been encouraging. 


TABLE VII 


GENERALIZED UVEITIS, CHRONIC 








| 
Age | Duration Cortisone | Effect 
| | 
39 | Some yrs | 1.4 | Nil 
40 Some yrs 1.5 | Improvement on treatment 
| Relapse on cessation 
47 5 mths I. 1 | Doubtful 
42 4 mths 1.3 


-| Equivocal 
| 





The two following cases illustrate the temporary—though dramatic— 
effect of cortisone in acute iridocyclitis: 


ACUTE RECURRENT IRIDOCYCLITIS OF GONOCOCCAL ORIGIN.—In a male, aged 36, 
there was a history of eight previous attacks since 1944. The present attack was of 
3 weeks’ duration. The lids were oedematous, and the eye markedly injected, and a 
diffuse cellular deposit powdering the posterior surface of the cornea was aggregated in 


places as massive keratic precipitates. A 2-mm. 
the anterior chamber, the iris was heavily vascularized and a large mass of exudate 


hypopyon occupied the lower part of 





QD rm mm oe oe ee 


<< 
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occluded the pupil. Vision was reduced to the perception of light. Three days after 
one subconjunctival injection of cortisone, the exudates, keratic precipitates, and 
hypopyon had disappeared. Treatment was then continued by drops and all the 
evidences of inflammation had resolved within 12 days. Treatment was then stopped, 
and 11 days later there was a further relapse. Cortisone drops proved ineffective at this 
stage but after four subconjunctival injections the inflammation was again completely 
controlled. A further relapse occurred 9 weeks later which in turn was controlled by 
two subconjunctival injections of cortisone, since when (6 months) the eye has remained 
quiet. 


RECURRENT Hypopyon IRIpocycLitis.—A female, aged 34, had a recurrent iritis 
in an aphakic eye which had been needled in youth for congenital cataract. The eye 
had been quiet until 12 months before the present incident, but during that time the 
patient had had five attacks of iritis, all of which had rapidly resolved within 2 or 
3 weeks. The duration of the present attack when the patient was seen had been 
4 days; there was a violent iritis with 3-mm. hypopyon. After one subconjunctival 
injection of cortisone, the hypopyon disappeared in 2 days, the inflammatory symptoms 
resolved, and, although a considerable number of cells was present in the anterior 
chamber until the 15th day, the eye was completely quiet; there has been no relapse 
during the last 6 months. This case shows the rapid resolution within a few days of 
an inflammation much more severe than the previous attacks which had persisted for 
as many weeks by ordinary methods of treatment. The after-history, however, is short. 


The following case illustrates the effect of cortisone in a subacute 
granulomatous iridocyclitis: 


VIOLENT BILATERAL IRIDOCYCLITIS OF TUBERCULOUS AETIOLOGY.—A male, aged 33, 
had a small tuberculoma at 6 o’clock in the iris of the left eye, heavy aqueous flare, cells 
in the anterior chamber, keratic precipitates, vitreous opacities in both eyes. Consider- 
able improvement was obtained after 6 weeks’ treatment with streptomycin and PAS. 
Thereafter the condition remained relatively quiet for 3 months although the eye 
remained injected. Tuberculin in minute doses (1/100,000,000 mg.) was started, 
resulting in a violent focal relapse in each eye. This condition was similarly controlled 
but considerable inflammatory symptoms persisted. A similar relapse occurred on a 
second tuberculin injection given in homeopathic doses, on this occasion, however, 
with a rapid increase in the tuberculoma. This was treated with six subconjunctival 
injections of cortisone in each eye, with the result that both eyes became quiet within 
3 weeks, and the keratic precipitates and aqueous flare subsided; small doses of 
tuberculin were thereupon restarted without causing a focal reaction. These have been 
continuously increased during the last 8 months without ill-effects and the patient has 
resumed work. Neglecting the fact that cortisone treatment may possibly not be 
indicated in an active tuberculous condition, it would seem that the temporary control 
of the inflammation in this case was of great clinical benefit, and may, in fact, have 
— responsible for allowing the patient to start treatment with tuberculin without 
mishap. 


The following case illustrates the effect of cortisone in controlling the 
acute phase of symptoms of a relapsing chronic iridocyclitis but its 
inability to eliminate the underlying inflammatory process: 


CuRONIC IRIDOCYCLITIs of the right eye of 3 years’ duration with recurrent subacute 
phases in a female, aged 42. One of these exacerbations appeared before treatment 
with many small keratic precipitates and an aqueous flare; there was a marked vitreous 
haze; vision was 3/60. Six subconjunctival injections of cortisone were given at 
5-day intervals, at the end of which time the aqueous flare had disappeared, the vitreous 
had slightly cleared, and the vision had improved to 6/24. There was no apparent 
change in the keratic precipitates. A further four subconjunctival injections were 
given, whereafter no further improvement was obtained. The cyclitic process, however, 
remained relatively quiet, and there has been no apparent change in the eye during the 
succeeding 5 months. 
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SYMPATHETIC OPHTHALMITIS (Table VIII) 


These cases are interpreted as an exudative iridocyclitis after 
operation or injury to the other eye; in only six of them was 


the exciting eye excised and histologically shown to have sympathetic 
inflammation. In general terms the results are good, the inflamma- 


tion being apparently controlled so rapidly in early cases that in 
many instances the exciting eye which would otherwise have been 


excised, was retained. In cases of longer standing, active inflamma- 
tory phenomena were held in check but tended to relapse on the 


cessation of treatment. There is no doubt that, so far as the length 
of history shows, cortisone is more effective than any other known 


method of treatment and in early cases may be found to revolutionize 
the prognosis of this condition. 


TABLE Vill 


SYMPATHETIC OPHTHALMITIS 














Age | Duration Cause \Cortisone | Effect Remarks 

38 | 9 days | Cataract extraction| G. Both Cured in 15 days _- 

67 2 mths | Cataract extraction) G. Eye quiet 9 days Ss dary gl. lied 

62 | 6mths | Cataract extraction; G. Eye quiet 9 days Secondary glaucoma controlled 

65 | 6wks | Cataract extraction! G. Eye quiet 5 days ger 

75 | 10 wks | Cataractextraction | G. Eye quiet 10 days Relapse with secondary glau- 
| coma 2 wks after treatment. 
| Eye removed 


68 | 2hyrs | Cataractextraction| G.+I. | Inflammation controlled Advanced case. Relapses on 



































62 4 mths | Cataract extraction) G.+I.7 | Quiet in 6 wks Exciting eye excised at onset. 
| | Relapse controlled 
58 | 18 mths | Iridectomy | G.+1. 4 | Improved Patient refused further treat- 
ment 
56 | Syrs | Injury 1.6 Controlled Exciting eye excised. Seven 
‘ attacks other eye in 5 yrs. 
Relapses occurred on cessa- 
tion of treatment. Three suc- 
/ cessive relapses controlled 
| | | rapidly in 4 to 10 days 
7\ Agay | Injury | 14 | Rapid cure Exciting eye excised immediate- 
12 | 7 wks Injury G.+1. 2 | Rapid improvement Mild relapses responded 
19 | 2days | Injury G.+I1.2 | Cure in 19 days Exciting eye excised at onset 
24 | 2 mths | injury L4 | Inflammation controlled | Mild attack (recurrent) 
| | | No other effect j 
19 | 4wks | Injury [.2 Eye quiet Mild attack (recurrent) 
19 S days Injury 14 


and movements to 6/6) 





Cleared rapidly (Vision:| A severe attack following 
\ i immediately after ision of 
| exciting eye 





The following case illustrates the control of what might presumably 
have developed into a case of sympathetic ophthalmitis: 


(Case of Mr. Gipson Moore). A boy, aged 7, was shot in the right eye with an 
arrow on August 23, 1950; there was a prolapse of the iris and a traumatic cataract 
with the retention of a splinter of wood. At operation the splinter was removed, 
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the iris freed, penicillin injected into the anterior chamber, and the wound closed with 
a conjunctival flap. Two months later a broad synechia of the iris into the wound 
was divided and the anterior chamber reformed with air. Six weeks later the left eye 
was inflamed with large keratic precipitates, cells in the anterior chamber, and a small 


pupil which did not dilate with atropine. The right eye was immediately excised and 
showed pathologically the infiltration of sympathetic ophthalmitis. Four sub- 
conjunctival injections of cortisone were given to the left eye; full mydriasis was 


obtained after the second, and the keratic precipitates and aqueous flare rapidly dis- 
red within 6 days. Three weeks later the eye was quiet without evidence of 


appeared \ 1 
inflammation and has remained so for 10 months. 


The following case illustrates the response of an established case of 
sympathetic ophthalmitis to cortisone treatment: 


The right eye of a male, aged 56, was damaged in an air-raid in 1945; excised 1947. 
Sympathetic ophthalmitis developed in the left eye 1 year later. Between this date 


and 1950 the patient suffered six relapses, the last of which was severe, associated with 
a secondary glaucoma; an anterior sclerotomy was performed. Four weeks after the 
operation, the eye showed an active exudative uveitis with massive keratic precipitates. 


The eye quietened with two subconjunctival injections of cortisone, but one month 
\ater relapsed. A further injection was followed by a further relapse. Three further 


subconjunctival injections led to complete quiescence of all clinical evidences of 


inflammation, a condition which has been maintained for the last 6 months. Organized 
exudates in the pupil, however, remain which reduce the vision to 6/36. 


FOCAL CHOROIDITIs (Table 1X) 


In early cases there may be some improvement in the acute 


exudative manifestations and, although the affected area remains 
functionless, it is probably circumscribed by treatment. Inestablished 


cases no effect is produced. 


TABLE IX 
FOCAL CHOROIDITIS 











Macula destroyed 


Age | Duration | Cortisone | Effect 
j 

6s | 3 wks | I. 13 | Nil 

\ a 2 wks 1.2 Nil : < 

ma | 2 mths I, 3 | Slight clearing of vitreous opacities 

40 | 10 wks { I. 8 Nil 

30 | 2nd attack 2 days } 1. 6 Marked improvement 3 wks 
Previous attack had lasted 6 mths 

24 | 3 yrs 1.5 Nil 

42 | 12 yrs 1.4 Nil 

17 | 1 mth G.+I.3 | ?Accelerated resolution 
J 
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POST-TRAUMATIC UVEITIS (Table X) 


Both after operation and after other wounds, this condition, on 


the whole, responded well. The period of inflammation appeared 


to have been considerably shortened, and in three of the five cases 


in which inflammation followed a perforating wound, the eyes would 
have been excised but for the possibility of control by cortisone. 


TABLE X 


POST-OPERATIVE (AND PERFORATING WOUND) UVEITIS 





] 7 
Age Cause \Duration| Cortisone | Effect 





























| ( Remarks 
38 Cataract extraction { 3 mths { G.+1.4 | Improved oa 
taract extraction | 12 mths | I. 2 Nil Secondary glaucoma unaffected 
Seams ili) eae z 
‘aract extraction wks aE 
58 | Cataract extraction | 2 wks | G.+I. I | Improved Capsulotomy done one day she 
\ , \ onan sy £ cortisone withou 
70 | Cataract extraction; 2 wks 8 Nil Eye removed 
diabe | 
3s Cataract extraction 3 wks \ c _ Dae in 2 wks | Lens dislocated into vitreous 
de ataract extraction wks . mprove 
41 | Cataract extraction | 2 days G. Nil Complete hyphseme eo. gee 
vi 
| \ , ophthalmitis os 3 
68 | Cataract extraction | 6 wks | I. 5 Nii _ 
29 | Cataract extraction | 5 days | I. 2 Improved | _ 
42 | Cataractextraction;| 3 wks | G.+1.4 - \ c u y gap closed up 
Ep ey Re PP a 
| Cataract extraction a } med 
55 | Cataract extraction | 4 a G.+I.2 | Quiet 3 wks Mild relapse 2 mths controlled 
73 | Cataract extraction;) 6 wks | G. Improved Be 
capsulotomy { 3 [ 
2 [oosniowmy iS wks G+L 1 | ll _ 
apsulotomy ays ‘ av a 
66 | Cataract extraction | 9 days } 1, 3 Improved ena reperment iid cola for 
yrs. Complica r 
\ | New vessels on iris and cyclitic 
\ \ membrane followed operation, 
| appeared steadily progressive, after 
| | treatment complete resolution 
60 | Cataract extraction | 8days | G. \ Cured —. Ragen senat-Gnecetive re- 
} } action wi yehlitic membrane 
| | Rapid resolution within 1 wk of 
| inflammation which appeared to be 
\ ) ) S steadily progressive 
16 Capsulotomy | 3 days G. Cond in 9 days — 
1 1 1 : _ 
68 Trephine’ | 2 days | 12 Improved Chronic arthritic s 
55 Iridectomy Imth | I. Nil Recurrent iritis in a spondylitic 
67 | Iris inclusion | 14 days | G. Cured 3 days _ 
33 | ose — ; a S oes —_ 
real gra mths 4 improv 
63 | Perforating wound | 10 wks | I. 5 | Improved 2 relapses controlled 
z | Gomes extraction ® — | ‘ 4 Peieiareied Associated scleritis 
ataract extraction wks ° mprov 
50 | Iridectomy 6 mths | I. 5 Improved Primarily gonococcal with secondary 
glaucoma. ee contraned 
25 Perforating wound 5 days | 1.6 Cured Lens ea VE Violen sign es ay . 
| mo iolent iridocyclitis wi 
keratic precipitates saree a : 
3 | Perforating wound | 20 days | G. Cured Corneal Ay infiltra Keratic 


| Rapid resol resolution 
26 | Perforating wound | 44 mths | G. Cured in 26 days Dangerous _iridocyclitis suggesting 
removal of eye. Settled down rapidly 
1 wk | G.+I.1 | Improved (3 days) | Eye excised to avoid risk of sympa- 





9 | Perforating wound 


| | thetic ophthalmitis 


32 | Perforating wound | 
} 


12 days | G.+I1.2 | = improvement| Eye excised 
| only 
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Post-OPERATIVE INFECTIONS (Table XI) 


Here again the effect of cortisone is good. In all our cases, 
cortisone was combined with antibiotic treatment, and the effect of 


the two, both in post-operative endogenous inflammation and in 


infected wounds, was certainly better than would otherwise have 


been expected. 























TABLE XI 
POST-OPERATIVE INFECTIONS 
pool \ 
Age | Duration Cause Cortisone Effect Remarks 
(days) | 
nl 3 Cataract extraction —y Quietened 4 wks (6/24) Ena 3 
{ Antibiotics ‘abo Biven 
80 ( 4 Cataract extraction 1.3 Quietened 3 wks (6/60) | Antibiotics also given 
66 | 6 Cataract extraction La Quietened 
} (Perception = light, pro- } aaa also given 
| jection accurate T.-3) —_; Quiet 6 mths 
10, 17 Perforating wound | Quietened | Antibiotics also given 
sx ey me ry Vight, pro- | 








Quietened 7 wks (6/12) | Intra-ocular foreign body 
| not remov 
Antibiotics also given 


20; 11 Intra-ocular foreign 
\ \ body \ 


| a 


ie jection accurate; cataract) | 
| 





CENTRAL SEROUS RETINOPATHY (Table XII) 


In the four cases treated with subconjunctival injections the duration 
of disease before treatment was instituted varied from 1 to 5 weeks. 
All four improved, both as judged objectively and as indicated by a 
recession of the scotoma, an effect particularly evident in the early 
case: one relapsed immediately after the cessation of treatment. 
On the whole, however, the effect cannot be said to have been 
dramatic for a disease wherein improvement is normally frequent. 
Further observations are obviously required before any conclusions 
can be made; and it may be that systemic treatment will prove more 
effective in this disease. 














TABLE XII 
CENTRAL SEROUS RETINOPATHY 
Age Duration Cortisone Effect 
(weeks) 

24 1 1.3 Improved rapidly 1 wk 

28 5 1.3 Improving 14 days 

44 5 I, 3 Improved (6/18-6/9) 

57 4 1.5 Improved slowly; relapsed after cessa- 
tion of treatment 
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EXUDATIVE MACULAR RETINOPATHY (Table XIII) 


The effects as judged from our three examples of this condition 


are difficult to assess. 


There is no doubt that some absorption 
appeared to occur as well as some improvement in vision, but the 
response cannot be said to have been dramatic even although in 
one case a measurable reduction in the height of the macular lesion 
was observed. 


TABLE XiIll 
EXUDATIVE MACULAR RETINOPATHY 









Effect 

















Some absorption of exudate and some improvement of vision 
Some absorption of exudate; relapsed 8 wks 


? Progression stopped 
Macular swelling reduced by 2 dioptres 













Age Cortisone 

65 I. 5 

36 I. 44 

68 | 
KERATITIS 


In general, the response of infective keratitis (ulcers, hypopyon 


equivocal. 


ulcers, corneal abscesses, and similar conditions) is good (Table XIV). 
Only one case failed to show any response, and in three the result was 
It is to be noted that epithelialization seemed to be 
inhibited in three cases so long as cortisone was administered. 
















45 
59 
52 


71 


34 
62 


47 


45 


29 | 


Age | 


| 


| 











rhoeic dermatitis 


Hypopyon ulcer |G. and I. |} Equivocal 


60 | Hypopyon ulcer | I. 2 


Hypopyon ulcer | I. 2 
Ulcer Le 





Good 
Good 
Good 





TABLE XIV 
KERATITIS (SEPTIC, HYPOPYON ULCERS, CORNEAL ABSCESS, ETC.) 
Type Cortisone} Effect | Remarks 
Abscess G. +I. 3 | Equivocal| — 
Ulcer G. Good No relapse in 6 mths 
Ulcer G. Nil Worse on treatment 
Hypopyon ulcer | G. Good Progressive despite standard therapy for 16 days. Rapid 
improvement with cortisone in 3 days, quiet in 6 days 
| Hypopyon ulcer | G. Good Hypopyon disappeared on day of commencement of 
| treatment 
Ulcer G. Good Progressive for 15 days. Quiet after 6 days of treatment, 
no recurrences 6 mths 
Hypopyon ulcer | G. Good Rapid clearance of hypopyon and iridocyclitis 
leer G. Good Progressive for 12 days. Eye white and symptom-free 
_ after 1 wk treatment 
Ulcer G. Good Immediate response after 6 days progressive symptoms. 
Opacity remains 
Ulcer with sebor- | G. Good Recurrence of keratitis 19 yrs previously. Symptoms 


progressive 12 days. Eye white after 8 days treatment 
Inflammation subsided with systemic and subconjunctival 
penicillin in addition to cortisone 
Complicated by hypertension. Iridectomy. Rapid 
healing. Hyphaema 6 days after operation 
Rapid improvement 
Persistent corneal stain until carbolization 
Immediate response to first injection 
Relapse 
| Similar immediate response with second injection; 
further relapse again controlled 
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On the other hand, our results with marginal corneal ulcers 
(Table XV) were poor. 


TABLE XV 
MARGINAL CORNEAL ULCERS 








Age | Cortisone Effect Remarks 
42 G. Nil Improved atropine irritation 
42 IL Subjective improvement only — 











Keratitis due to phlyctenular disease (Table XVI), or rosacea 
(Table XVII), however,-almost invariably responded well so far as 
acute exacerbations were concerned, although old opacities were 
unaffected. 

TABLE XVI 


PHLYCTENULAR DISEASE 














Age | Duration Cortisone Effect 
(months) 
7 | 4, corneal G. 10 days | Cured 
20 | 1, conjunctival G. 14 days | Cured 
TABLE XVII 


ROSACEA KERATITIS 








Age| Duration | Cortisone Effect Remarks 

32 yrs | G. Good Eye quiet in 2 days; relapse 5 mths 

53 yrs G Good Other eye scarred and almost blind 
Treated eye corneal infiltration of 
some wks standing disappeared in 

lays 

66 2 yrs G. Improved rapidly | Relapsed while on G. 

14 | Some mths | G.+I.3 | Improved Improvement maintained 

53 7 yrs G.+I. 2 | Improved Improvement maintained 

62 yrs G. Relapse on leaving off G. 

68 2 yrs G. Good Relapse 2 mths; responded well to 
further treatment 

62 yrs G. Good Relapse on leaving off G. 
Eye quiet after 3 mths treatment 
No further relapse in 2 mths 

51 13 yrs G. Ulcer healed in | Similar ulcer 1 yr ago took 3 mths to 

10 days heal. Relapse 2 mths controlled 
36 4 yrs G.+I. 2 | Quiet in 3 wks G. better effect than I. 
60 2 yrs G.+I.2:| Ulcer healed in 
5 days Old opacities unaffected 
56 3 yrs I. 3 Quiet in 8 days Eye still quiet 
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Among viral infections, herpes febrilis (dendritic ulcers) showed 
little or no response (Table XVIII), but the deeper infections, herpes 
zoster (Table XIX) and disciform keratitis (Table XX), reacted more 

favourably. 


TABLE XVIII 
HERPETIC KERATITIS 






































Age | Duration Cortisone | Effect | Remarks 
39 Some wks G. Good | Relief of symptoms 
Relapse on cessation of treatment 
39 3 wks G.+I.2 Nil _— 
22 3 wks G.+I1. 3 Nil Temporary relief 
Relapsed while under treatment 
23 Some wks I. Nil — 
23 | Many attacks; I.5 Nil — 
75 2 wks 1.2 Nil Resolved within usual time 
67 8 wks L.1 Nil ? Delayed healing 
TABLE XIX 
HERPES ZOSTER 
Age | Complication Duration Cortisone | Effect 
49 | Kerato-iritis 3 wks G. Improved rapidly with some 
| | Clearing of nebula 
46 | Iritis 34 mths I Improved 
33 | Kerato-iritis 4 mths 1.8 Rapid improvement 
53 | Iritis 8 days I. 1 | Rapid improvement (early case) 
TABLE XX 


DISCIFORM KERATITIS 











Age | Duration Present | Cortisone Effect 
Attack —| 

59 6 wks G. Nil 

38 5 wks G. Nil 

56 6 mths G. Cured, 6/24 to 6/9 14 days 

36 5 wks G. Improved, 6/36 to 6/9 3 wks 

40 6 wks | as One previous attack 
Cured, old scars remain 

59 19 mths I. 14 Vision improved, hand movements to 6/60 

25 5 wks 2 Nil 
Initial subjective relief 

52 6 wks Eo Four previous attacks 








Resolution, old scars persist 
Relapse 2 wks after cessation of treatment 
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The improvement in syphilitic interstitial keratitis (Table XXI) is 
marked, particularly in early cases. In these, not only the subjective 
symptoms but also the objective signs may be brought under control 
so effectively that no corneal scarring may result. Within the 
6 months under review, however, relapses are common and it would 
appear that they are to be expected, although they are relatively 











TABLE XXI 
SYPHILITIC INTERSTITIAL KERATITIS 
Eye Affected 
Age| and Duration Cortisone Effect 
20 | Left 7 days G.+1.6 Rapid improvement 


| 
| Relapse after 2 wks controlled by G 


| 
27 | Left 3 wks | 


Mild relapse 2 mths after cessation of treatment 

Improved, hand movements to 6/60 in 4 wks. 
Eye white. Right eye not treated by cortisone, 
took 3 mths to become quiet but eventually 
had vision 6/9 


39 | Left 3wks|_ G. Rapid improvement; relapse controlled 
16 | Right 10 wks G. | Improved 6/24 to 6/9 in 20 days 
34 | Right 5 wks G. Vision: counting fingers to 6/12 in 6 wks 
17 |Right2ndattack|; G. Improved, three relapses also controlled by G. 
12 | f Right 3wks, G. Vision: hand movements to 6/18 in 13 wks 
| Left 3wks| G. Vision: hand movements to 6/9 in 6 wks 
G. 


I. Improved, counting fingers to 6/24 in 12 days. 
18 Much corneal scarring 
Left Iday| G. White in 7 days. No corneal scars. Relapse 





| 
Right 7 wks | 
| 
| 24 days later equally controlled by G. 
| Further relapse also controlled by I. 
48 | Right Ilwk! G.+I1.2 Improved rapidly 
| Seven relapses on stopping treatment, con- 
| trolled by further G; last 2 mths symptom-free 
29 | Left (3rd attack)! I.2 Rapid improvement 
few days | i ; 
16 | Both 6wks | 1.3 Both Rapid improvement 
Right vision from hand movements to 6/18; 
| Left from counting fingers to 6/12 in 4 wks 
17 Right 8 wks I. 5 Both Improvement in vision from hand movements 
Left 3 wks to 6/24 in 6 wks (both eyes) 


44 | Right 7 mths | I. Residual inflammation improved 
No effect on old corneal scars 
27 | Right 6 wks IL Vision: hand movements to 6/9 in 4 wks. 


Mild relapse 2 wks after cessation of treatment 
controlled by G., then quiet for 1 mth 
Further recurrences also controlled by further* 
cortisone; finally quiet with G daily 





_31 | Right 4 mths I, Eye quiet in 4 wks 
Much residual scarring 
28 | Left 2 days | ip Condition progressed in spite of cortisone 
42 | Both 7wks, G. Right treated—vision improved, hand move- 


ments to 6/12 in 17 days 
Left untreated—no improvement in same 





period 
G. | Marked reduction of pannus 
| Nil (old corneal changes only; eye quiet) 


48 | Right 7 days | 
15 | Right 5 mths 


_ 
. 
— 
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In established cases, if 


necrosis and fibrosis have supervened, there is no effect on the 
residual lesion except perhaps some emptying of the blood vessels 


invading the cornea. 


Cortisone treatment is also indicated in non-specific deep keratitis 


(Table XXII), particularly in its early stages. 


The subjective 


symptoms improve rapidly, the vision in a number of cases improving 
from hand movements to a useful standard in a period of weeks, in 
cases in which, without treatment, it would have been expected that 
the inflammation and visual incapacity would have lasted for as 


many months. 


In this condition, however, relapses are common. 


TABLE XXII 
NON-SPECIFIC DEEP KERATITIS AND KERATO-IRITIS 








Age Duration Cortisone Effect Remarks 
67 4 wks G.+I. 3 Moderate Vision: counting fingers to 6/24 
7k 2 yrs G. Nil dvanced case 
Corneal infiltration with developing calcification 
43 6 mths G. Nil Progressive cornea! infiltration in rheumatoid case 
23 19 yrs G. Nil Advanced, ? tuberculous condition 
clemporaty i improvement only 
80 44 mths G. ? Slight improvement) Co tration of eetatieminate aetiology 
36 wks G. 8 days’ Cured Recent case, no scar 
56 4 mths G. Cured Cured in 7 days leaving corneal nebula 
57 5 wks G. Improved Recurrent attacks for 20 yrs. Resolution of 
relapse within 16 days 
44 | 4thattack9 wks) G.+I. Improved slowly on | Vision: hand movements to 4/60 in 2 wks on G. 
.» rapidly on I. Relapse 6 days after treatment—controlled by 
further injections. 4/60 to 6/12 in 2 wks on I. 
Further relapses 6 wks, 9 wks, and 10 wks 
| controlled by G 
54 7 yrs G.+I. 1 Improved rapidly | Eye quiet 6 mths 
30 4 wks G.+I. 4 | Temporary improve- | Relapsed as cortisone absorbed 
ment Several relapses after treatment 
50 3 wks G.+1.3 Nil ? Tuberculous keratitis and iridocyclitis recurrent 
since childhood 
26 6 wks G.+1.2 Improved + General corneal haze with peripheral vasculariza- 
tion controlled in 48 hrs, eye white and quiet 
56 3 mths L8 Impreved rapidly | Vision: hand movements to 6/9 in 3 mths 
(? virogenic) 
48 4 wks L6 Improved rapidly | Vision: hand movements to 6/18 in 3 wks 
46 | 3rd —_. I1 Improved rapidly | Eye white 7 days 
mi 
72 3 wks I. 3 No effect Secondary glaucoma 
22 | Many attacks | L4 Improved Eye white in 3 wks as against usual duration of 
15 yrs attack of 2 mths 
Present 7 days 
35 | Many attacks | I.4 Improved slowly Secondary glaucoma controlled 
10 yrs Relapse 10 wks not affected by cortisone. 
Iridectomy 
74 2 mths 1.4 Nil —_— 
28 8 wks 14 Improved gradually | Centrai corneal scar left 
36 3 wks I.2 Cured Recent case, no scar in 7 days 
28 4 wks 18 Cured bo le, : hand ae arene to 6/24 in 4 wks. 
esi 
46 3 mths 14 Cured Vision: ee movements to 6/9 in 4 wks. Slight 
relapse 7 days after treatment stopped, controlled 
by cortisone. Severe relapse wks—again 
42 | Several mths G.+I1.8 I ed soipine f Is, I f 
veral m o+K. mprov tying of vessels, some clearing of nebulae 
Perception of light to 3/60 
24 2 mths 1.3 Good Corneal abscess following abrasion 
Dense central quiet scar remains 
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A similar effect is seen in sclerosing keratitis (Table XXIII). 


TABLE XXIII 
SCLEROSING KERATITIS 




















Age Duration Cortisone | Effect Remarks 
34 Recurrent G. Improved | Quiet 2 wks. No effect on 
Present attack (4th) 6 wks old scars 
42 Recurrent G. Improved | Quiet 2 wks. No effect on 
Present attack 5 mths old scars 
53 Recurrent 7 yrs G.+I. 4 | Improved | Relapse on cessation of 
treatment : 
46 Recurrent G. Improved | Quiet 8 days. No effect on 
| Present attack (2nd) 3_ mths scars. 3 relapses controlled 
54 | Recurrent 1.2 Improved | Relapse 6 wks later 
| Present attack 6 wks 
68 | 2 yrs I. 2 Improved | Clearing of recent haze (6/60 
| | to 6/24 in 8 days). No 
effect on old scars 
35 | Recurrent - ee Improved | Relapse after 9 days later 
Present attack (2nd) 8 days controlled by G 
46 | Right eye 20 yrs 
Left eye 2 yrs I. 10 Left! Improved | No extension but no clearing 





In Mooren’s ulcer (Table XXIV), so far as this small series of cases 
is concerned, the results of treatment must be said to be equivocal. 
In two cases there was undoubtedly some subjective improvement 
with a reduction in vascularization, although no dramatic response 
nor any cessation of the active ulceration was observed. Further 
observations of this type of case are necessary. 


TABLE XXIV 
MOOREN’S ULCER 





Age | Duration | Cortisone Effect Remarks 





47 | 3 mths G.+I. 4 | ? Symptomatic | Several relapses with further response 
| improvement | to G 
Further relapse during I. controlled by G 


48 | 14 mths G. ? Symptomatic 
| improvement 
59 | 10 days 1.2 Nil Very early case 





Other eye excised for Mooren’s ulcer 








The following case reports demonstrate some typical conditions: 

EPIDEMIC KERATO-CONJUNCTIVITIS in a male aged 37. The right eye became inflamed 
in November, 1950, with typical lesions of acute epidemic kerato-conjunctivitis including 
numerous corneal lesions and regional adenopathy. Several local applications, 
including penicillin, auareomycin, and chloramphenicol, were given; after the exhibition 
of the last two antibiotics there was a slight initial improvement but on each occasion 
the condition of the eye rapidly relapsed despite their continuation. In February, 1951, 
the condition, despite treatment, was progressive, with intense irritation and photo- 
phobia, considerable ciliary injection, diffuse roughening and irregularity of the 
epithelium, and scattered punctate areas of corneal staining interspersed between the 
nummular areas of scarring. Frank iridocyclitis had developed, with an aqueous flare 
and keratic precipitates. Two injections of cortisone were given and within 3 days 
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there was marked improvement in the appearance of the eye. Within 6 days the eye 
was quiet and the iridocyclitis had resolved. The corneal lesions had become reduced 


to faint localized nebulae and all subjective symptoms had disappeared. Cortisone 
drops were given for a further 7 days and since that time (6 months) the eye has 
remained quiet. 


The next case illustrates the complete failure of the accepted methods 
of treatment to control an eye which threatened to run a progressive 


course and probably would have been lost, and its immediate improvement 
with relatively small doses of _cortisone. The apparent retardation of 
epithelialization may be of significance. 

KERATITIS WITH HyPorYon ULCer.—An old corneal opacity was a sequel of ulceration 
7 years before. The patient appeared in hospital after one week’s history of pain in 
the eye, and showed a large central ulcer with a hypopyon and a violent iridocyclitis. 
He was treated for one month with the accepted methods of treatment, including 
penicillin and protein-shock by TAB injections, but no material improvement resulted. 
After a subconjunctival injection of cortisone, marked improvement was evident in 
24 hours. A central corneal stain remained and the eye was still irritable, but the 
peripheral infiltration around the ulcerated area and the vascularization were diminished. 
Six days after the injection a relapse occurred which again was controlled immediately 
by a second injection. The condition of the cye six days later showed a loss of all 
congestion but a retention of the corneal staining and a slightly ectatic scar; 
carbolization of the central area resulted in a disappearance of the staining and a 
white eye with a residual corneal nebula. 


An example of the response of syphilitic interstitial keratitis to cortisone 
is illustrated in the following case wherein the keratitis was established 


in one eye before treatment was begun and in the other immediately after 


it was begun, so that the response in each provides some degree of experi- 


mental control. 

INTERSTITIAL _KERATITIS.—Wassermann reaction positive. On admission, a male, 
aged 18, showed an active and acute interstitial keratitis of the right eye of 7 weeks’ 
duration with dense corneal infiltration and vascularization. This eye was treated by 
subconjunctival injections and was clinically quiet within 3 weeks, the vision improving 
from the ability to count fingers at 2 ft. to 6/24 within 12 days. Thereafter the condition 
of the eye has remained static; the deep corneal scarring persists but irritation has 
ceased. This in itself is an immense curtailment of the expected period of active disease. 

The left eye was normal on admission, but on the fourth day an area of intense 
limbal injection and swelling appeared, with a corresponding zone of infiltration in 
the periphery of the cornea; the appearances were typical of commencing interstitial 
keratitis. Treatment by hourly drops was instituted and a progressive improvement 
resulted, so that within 7 days the eye was quiet and the cornea clear. A relapse 
occurred after 24 days, when the same area became much injected with marked localized 
corneal infiltration; again treatment by cortisone drops aborted the attack and the 
eye was white within 7 days without the development of vascularization. _Two further 
relapses in this eye were controlled in the same effective manner by subconjunctival 
injections. One month later a severe relapse occurred which at present is responding 
to treatment. Despite this ordeal there is no evidence of corneal vascularization, and 
it may be that, if effective supervision is maintained, the eye will eventually retain 
good vision. 

RECURRENT NON-SPECIFIC KERATO-UveEITis.— Three attacks of kerato-uveitis occurred 
in 1940, 1941, and 1943, each lasting approximately 6 weeks, The present attack was 
more severe and had lasted 9 weeks before cortisone treatment was begun. At this 
Stage the eye was much injected with a diffuse cornea) haze and a thick exudate adhering 
tothe posterior corneal surface which reduced the vision to hand movements. 
Cortisone drops were given 2-hourly, and during 2 weeks’ treatment by this method 
steady improvement took place until the vision became 4/60, Three subconjunctiva) 
injections of cortisone were then given, and within 2 weeks the ocular inflammation 
had completely subsided, \caving, a residual faint corneal interstitial scar. Six days 
after the last injection, however, there was a severe relapse which was again controlled 
within 12 days by two further subconjunctival injections. Two weeks later a further 
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relapse occurred which was controlled by cortisone drops in 17 days. A further mild 
relapse occurred 7 days after the withdrawal of cortisone and this subsided after one 
subconjunctival injection. Two weeks later there was yet another relapse, which was 


controlled within 2 weeks by 4-hourly cortisone drops. Since this time cortisone drops 
have been given continuously for 3 months without relapse, the condition being 
apparently controlled by the instillation of 1 drop daily. The further evolution of a - 


case of this type will be of unusual interest. 
Examples of the response of other corneal conditions are given in 


‘Table XXV. 


TABLE XXV 
CORNEA (UNCLASSIFIED) 


Age Disease Duration’ Cortisone ; Effect Remarks 














39 | Filamentary keratitis | 2 mths | G. Dramatic temporary | Relapse on stopping treatment 
improvement 
58 Band-shaped corneal; 4yrs | G. Improved Subjective symptoms relieved 
opacity (secondary) . Some clearing of opacity 
20 Sesomesins vascular} 3 wks | G. Good Vessels shrank on treatment 
eratitis 





4 mths | G.+I. 1 } Subjective improvement} Vascularization not affected 
|  Relapsed 





69 | Suppurative vascular 
keratitis 


SCLERITIS AND EPISCLERITIS (Table XXV1) 

In general terms these conditions show considerable improvement ’ 
with cortisone treatment. In the more superficial types of episcleritis 
a clinical cure may be rapidly obtained, but it is already evident, 
particularly in cases associated with rheumatic disease, that relapses 


tend to occur. . 





TABLE XXV1 
SCLERITIS AND EPISCLERITIS 





























} \ 
Age| Duration | _ Type | Cortisone | Effect 
64) 3 days Episcleritis G. \ Rapid resolution 
30 | 2wks | Episcleritis G. roe aa ae a 
62 \4thattack a <i uiet in 1 ys - 
3 mths Senet me Relapsed in 9 days 

27| 5Swks Episcleritis G. Cured in 7 days 
4\ 4 mths Episcleritis 1.3 Improvement which was maintained 
62 | 12 mths | Rheumatoid Syst. 75 mg. | Nil 

episcleritis | twice daily 

for 8 days 
55 2nd attack) ieee 
5 wks Scleritis G.+1.6 | Subjective improvement only 

30 years Scleritis 1.2 Marked improvement : 
50 | 2mths | Rheumatoid G Quiet in 2 wks; relapsed, again 

\ | scleritis . controlled 
50 2 mths | Rheumatoid a G Nil 

scleritis , 

17 | 34 mths (| Nodular scleritis G.+I1.2 Quiet in 3 wks: relapses in 10 wks 

and 14 wks, again controlled 
50 1 day | Zoster scleritis G. Slight improvement in 3 wks 
SO \2nd attack |? Tuberculous kes G Marked improvement ; 2 relapses, 

| 2 wks scleritis . controlled 
63 | 12 mths cere G.1L1 | Nil 

{ 9 eee 
47 | Smths |i eae OA L6 Quiet in 6 wks 

\ G. \ improvement in 3 wks; 


70 ) 6 mths | Brawny scleritis 


relapsed: no further response 
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Conyunctivinis (Table XX VII) 


The following case is of interest as showing the effect of treatment in a 
case which stubbornly recurred over a period. of two years: 
BILATERAL CHRONIC CONJUNCTIVITIS,—Swabs and cultures were negative as was 


' also a full series of allergic tests, and the aetiology must therefore be classified as 
unknown. Local treatment of all kinds, including the application of silver, alum, 


albucid, antistine, adrenaline, argyrol, and a number of antibiotics, had been without 
effect. Initially, cortisone was given. 2-hourly by drops, and on the third day both, 
eyes were white and free of symptoms while clinically the conjunctiyae appeared normal. 
For a further 3 days the drops were given 4-hourly, for a further 14 days 6-hourly, 
and then for 3 days 12-hourly. The apparent and dramatic cure. was maintained, 
and the patient has remained symptom-free (6 months). It is obviously too early to 
express an opinion as to the final outcome of this case but the immediate effects are 
without doubt. : 

Unfortunately, similar cases can be quoted in which, although some 
Subjective temporary relief was experienced, no appreciable effect from 
cortisone could be seen. 
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TABLE XXVII 
CONJUNCTIVA (VARIOUS CONDITIONS) 








Age | Disease /Dura tion| Cortisone) Effect } Remarks 
J. } 
28 | Allergic \ tye [ G. {| “Good | Relapse 3 wks after stopping treatment 
conjunctivitis | | \ No oagueatet 2 rr! 





/ | Responded to cortisone 

















39 | Allergic - == |_ I yr G. Good Quiet in 3 days; 2 relapses controlled 
conjunctivitis ) xs \ 
i rs G. | Good | Subjecti ymp disappeared. T 
wed Roepe Sox sae -" | [ gelatinous bulbar nodules disappeared in 
2 wks. Marked cobble-stone appearances 
\ } \ in upper tarsal conjunctiva entirely dis- 
/ / } appeared in 3 wks. Severe relapse 3 mths, 
controlled : 
38 \ Chronic | 3 yrs G. | Good Tarsal conjunctiva stubbornly resisted all 
vi | ‘orms of treatment for 
pipet | An apparent clinical cure after 20 days’ 
{ treatment 
64\ Chronic | tyr S. Ni a 
conjunctivitis . : 
45 | Pannus trachoma 10days| G. | Improved Marked moice * pannus in 24 hrs 
\ \ { elapsed in 
39 | Post-operative ) Tdays |) G. Cured Had aaniaiod for 7 days : : 
{ chemosis | } Considerable relief after 24 hrs’ cortisone 
| (strabismus) Cured in 5 days Paid ay 
60 an eae _ \ 6 mths | G. Improved | Rapid improvement in conjunctivitis and 
ophthalmia | } iritis; mild — 2 mont! SR 
Conjunctivitis + |" Cornea) vascularization una: 
iritis { 
59 | Post-radi 18 hi G. Marked le diati fc h id i 
2 kersto-iritis 3 improvement Cornea) staining. severe iridocyclitis_ af 
| Rapid resolution, cornea) vascularization 
\ \ unaffected 
37 , Epidemic kerato- | 4mths| 1.2 \ Gooa - so - ni sui allen: salou 
junctiviti chloramphenico! 
a Faint localized nebulae left after [0 days 





| 
Druc ALcerGies (Table XXVIII) 

The effect of cortisone in these conditions is illustrated in 25 cases; 
all were treated topically by drops, with injections in five cases in 


addition. The results are seen to be very irregular. ea Bac 
In approximately one-third of the cases in which the irritation 


was due to atropine, the condition was controlled. In an approxi- 
mately equal number no improvement. was evident. In the 


remainder, the control of symptoms was only temporary while in 
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some cases irritation occurred for the first time during a course of 
treatment by cortisone. 


Our experience with hyoscine was similar and in the small number 


of cases wherein irritation to albucid or penicillin was observed, 
equally inconsistent results were obtained. 
TABLE XXVIII 


DRUG ALLERGIES 





Age Agent 























Cortisone Effect 
; : 
42 | Atropine G. Good 
58 | Atropine G.+I. | Occurred during cortisone treatment 
72 Atropine G.+I1. | Occurred during cortisone treatment 
34 Atropine }.G, No effect 
22 Atropine L Occurred during cortisone treatment 
35 Atropine 1, Nil 
70 | Atropine G. Good 
\ : p Cured in 3 days é 2 : 
52 Atropine, mild G, Tolerated atropine with cortisone, later without 
48 Atropine, mild G. Tolerated atropine with cortisone 
58 | Atropine, mild \ G. Toierated atropine with cortisone, later without 
37 | Atropine G. Cured in 4 days 
46 \ Atropine G. Occurred during cortisone treatment 
33 | Atropine G. Controlled 5 
24; Atropine, hyoscine ({ G.-+I. ! Occurred during cortisone treatment 
40 | Atropine, hyoscine mild| G. ( No effect 
31 | Atropine, hyoscine mild) G, | Tolerated atropine with cortisone, later without 
54 Hyoscine G.+I. | Good 
41 All mydriatics G. Occurred during cortisone treatment 
44 | All mydriatics, severe G. Tolerated all with cortisone 
60 | All mydriatics, severe | G. Tolerated E 3 with cortisone 
34 | All mydriatics, severe | G. Tolerated E 3, but not atropine 
50 { All mydriatics, severe { G. | Tolerated E 3 
39 A\bucid G. Improved 
63 | Penicillin G. Improved 
Antistine-Privine G. and Benadryl! also given 
SS | Penicillin \ G.+1L. \ No effect 
| 


a 





CHEMICAL INJURIES TO THE CORNEA (Table XXIX) 


In our series no response was obtained to cortisone therapy apart 
from temporary suppression of the irritative symptoms in a case of 
late mustard-gas keratitis. 





























TABLE XXIX 
CHEMICAL AND OTHER BURNS 
Effect on 
re * Agent Cortisone | : RRA Remarks 
Congestion |Vascularization 
19 | Lime | G. Nil Nil \ No value 
45 | Nitric acid 1G. | ? Subjective symptoms relieved; opacity 
remained 
No inhibiti of epithelial healing 
27 | Cotton seed oil | G. Nil | Nil | No value 












G. 14 days Rapid initial improvement with healing 
P of the ulcers, but relapse after 10 days 


on treatment 


51 | Mustard gas 
13 yrs’ duration 








Po 
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CORNEAL GRAFTS (Table XXX) 

Six cases of post-operative iritis, with clouding of the graft and 
neo-vascularization, showed good results on the whole, and vascular- 
ization which appeared to be progressive was checked. 


The two following cases demonstrate that the initial opacification and 
vascularization of a graft may be inhibited and that some improvement 
can be obtained even when such changes are well established: 


The first case had a LAMELLAR KeRATopLasty for old interstitial keratitis. After 
14 days, numerous interstitial vessels were present, both entering and passing deep 
to it. On the 21st day a single subconjunctival injection of cortisone was given followed 
by the instillation of drops; one week later the graft had cleared and no vessels were 
seen, a condition which has persisted after'6 months. 

In the second case, a PENETRATING KERATOPLASTY was done for a 10-year-old lime 
burn. Two months after the operation, opacification and vascularization of the 
graft began; three months later the graft and cornea were uniformly opaque and both 
were extensively vascularized, vision being reduced to the perception of hand movements. 
After three injections of cortisone together with drops thrice daily for 14 days, many 
of the smaller vessels had emptied and cauterization of a large feeding vessel produced 
some further temporary reduction. Vision was unaffected. During the succeeding 
3 weeks cortisone was continued (three injections, and drops thrice daily), with the 
result that some further depletion of the circulation in the smaller vessels was seen, 
accompanied by marked reduction of the opacification in both cornea and graft. At 
this time vision had improved to finger counting. After six more injections, increased 
clearing of cornea and graft became noticeable and the vision eventually reached 6/60. 


TABLE XXX 
CORNEAL GRAFTS 











| Onset of | Duration of 











. 11} Old lime burn 10 yrs ago. 
i Vessels reduced 

| | Graft and remainder of 
| | |__cornea partially cleared 


OTHER PATHOLOGICAL CONDITIONS.—The following showed no 
clinical response to cortisone. 
Ocular pemphigus ... ae peel rh Cases: 5 | Cortisone : G. (one also 
| 
| 


Age | Complication Complication Complication, Cortisone Effect 
| after before 
| Operation Treatment | 
53 | Iritis with keratic precipitates 4 wks 3 days G. | Improved 
34 | Iritis with keratic precipitates 10 wks 2 wks G. Improved 
65 | Opacity + vessels 2 mths 2 mths G. Nil 
44 | Vascularization 10 days 10 days 1.2 Vascularization checked 
68 | Vascularization 5 days 2 days G.+I1.4 | Vascularization checked 
25 Opacity + vessels 2 mths 3 mths G.+I 





treated pty) 


— 


Stevens-Johnson’s disease... $50 
Recurrent conjunctival granuloma after 
insertion of plastic tube in canaliculus 
Superficial punctate keratitis re 
Retinal thrombophlebitis .. 
Periphlebitis retinae (Eales’ s disease) 
Coats’s disease : ise ase 
Macular degeneration f 
Traumatic vitreous haemorrhage - 
Retrolental fibroplasia... esi sot 
Devic’s disease... ee Sa fey 
Sj6gren’s syndrome | 


PRESSES SAD a 
= 


== NK UNA=—wWe 


Summary 


A summary and assessment of these results will be found in the 
preceding paper in this Journal (p. 667). 
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ACTION OF CORTISONE ON TISSUE REACTIONS 
OF INFLAMMATION AND REPAIR WITH 
SPECIAL REFERENCE TO THE EYE 
BY 


SIR STEWART DUKE-ELDER anp NORMAN ASHTON 
From the Institute of Ophthalmology, London 


IT has already been shown in the two previous articles in this issue 
of the Journal that the clinical effects of cortisone and ACTH 
have excited much interest and a very extensive literature; the 
reports dealing with their effects upon the fundamental reactions 
of inflammation and- repair, however, are as yet relatively few in © 
number and there is still considerable disagreement over some of the 
more important problems. .This is unfortunate and to some extent 
illogical, but it is only to be expected that agents which can exert an 
effect so dramatic upon many ocular diseases should be exploited 
clinically to the fullest possible extent at the earliest moment, even 
although the theoretical foundation for their action remains obscure. 

Only a few workers in ophthalmology have hitherto pursued their 
studies into the field of experimental pathology (Woods, 1950; 
Woods and Wood, 1950; Biegel, 1951; Leopold and others, 1951; 
Bourquin, 1951). Such investigations could well be of more than 
local importance, for the relative isolation of the eye and the facilities 
it provides for the study of the microscopical tissue-changes of 
disease, so readily discernible both in the living animal and in histo- 
logical preparations, make this organ a unique sphere for investiga- 
tion. In the papers which follow in this issue, some initial studies 
on the effect of cortisone on inflammatory processes as seen in the 
eye are therefore reported. In the present paper these are correlated 
with cognate work in the general literature on the action of ACTH 
and cortisone upon the inflammatory process, considering it in 
relation to the two essential components of the defensive and 
reparative reactions. The sub-divisions we have chosen represent 
some of the stages in these reactions, but the classification is not 
entirely satisfactory, because, owing to the lack of published experi- 
mental data, some details, such as the effect of cortisone on the 
margination and diapedesis of polymorphonuclears and phagocytosis, 
etc., have had to be omitted. 
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The literature will, therefore, be reviewed under the following 
headings: 
(a) capillary permeability, 
(b) inflammatory exudation, 
(c) cellular infiltration and the formation of granulation tissue, 
(d) the formation of connective tissue, 
(e) new- vessel formation, 
(f) epithelial and endothelial regeneration. 


(a) ACTION OF CORTISONE ON CAPILLARY PERMEABILITY 


An increased permeability of the capillaries is an accompaniment 
of all inflammatory processes, and it constitutes an important 
feature of the exudative phases of the inflammatory reaction which 
in a previous paper we have seen to be blocked by the administration 
of cortisone, whether administered topically or systemically. An 
enquiry into the effect of cortisone on the permeability of the normal 
and abnormal capillary wall is therefore of importance. 

The permeability of the capillaries of the skin of the rabbit has 
been investigated by Menkin (195la), who found no change after 
the injection of ACTH or cortisone acetate when the latter was used 
suspended in saline free from any alcohol or vehicle. It is to be 
noted, however, that he found an increased permeability at the site 
of injection when the commercial suspension of cortisone was 
employed—a circumstance which should be taken into account when 
the action of this preparation is being investigated experimentally 
and clinically. 

The eye lends itself ideally to such a study, for the permeability 
of the capillary walls can be assessed with considerable accuraty by 
the optical measurement of the appearance of fluorescein in the 
aqueous humour in the anterior chamber after this dye has been 
injected intravenously. Owing to the relative impermeability of the 
ocular capillaries, the transfer of fluorescein across the blood-aqueous 
barrier is a measure of the permeability of the capillary walls rather 
than of the rate of blood-flow, a factor which is of importance in 
other tissues of the body. Leopold and his co-workers (1951) found 
no significant difference in the rate of appearance of this dye in the 
aqueous humour of normal rabbits without cortisone and in that of 
animals after the exhibition of cortisone, whether instilled as drops, 
injected subconjunctivally, or introduced into the anterior chamber. 
This finding has been confirmed by the work of Cook and MacDonald 
(1951), for, using the technique standardized by Amsler and Huber 
(1946), they have shown that the permeability of the blood-aqueous 
barrier to this dye in the normal human eye is not affected by the 
local or systemic administration of this hormone. 
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It would thus appear that cortisone has no significant effect upon 
the permeability of the normal capillary, but this does not imply 
that it may not exert an influence upon abnormal vessels. Indeed, 
there is evidence to suggest that it may act by restoring a patho- 
logically increased capillary permeability to normal. 

There is little to be learned from the general literature on this subject. 
Such a reduction at the site of inflammation was demonstrated by 
Armstrong and Irons (1951) to follow the administration of ACTH in a 
patient with scleroderma: before the administration of ACTH the protein 
content of the oedematous fluid in the vesicles of the skin of the lower 
extremities was 2.5 per cent., a value which fell after the administration 
of ACTH to 0.5 per cent. It is true that Schirmer (1950) reported a patient 
with arthritis who developed capillary fragility with numerous petechiae 
after the administration of cortisone, a complication which disappeared 
completely when cortisone was discontinued; but this result was 
exceptional and may have had other explanations; it can probably be 
‘ reasonably disregarded in considering capillary permeability. 

In the eye, the evidence is more unequivocal, for the work of Cook 
and MacDonald (1951) has shown that, while the capillary 
permeability in the human eye, as measured by the passage of 
fluorescein into the anterior chamber, is increased in inflammatory 
conditions, the administration of cortisone, either locally (by the 
instillation of drops or subconjunctival injection) or parenterally, 
reduces the permeability dramatically to the normal level. It is 
noteworthy that this effect is temporary and that an increase in 
permeability rapidly returns, even although a relapse of the 
inflammatory symptoms is not clinically evident. 

It is interesting that a definite increase in capillary resistance, as 
measured by the negative pressure method, was demonstrated by Robson 
and Duthie (1950) after the administration of ACTH in six cases of 
rheumatoid arthritis, two cases of spondylitis ankylopoietica, two cases 
of lupus erythematosus, and two cases of thrombocytopenic purpura, 
diseases in which the capillaries are generally believed to be abnormal. 
They considered that these changes were due to adreno-cortical activity. 

Although cortisone thus seems to have no influence on the 
permeability of the normal capillary, it appears to be able to reduce 
to normal the increased permeability characteristic of inflammation. 
This is a finding that cannot be without significance. This decrease 
of the abnormal permeability would obviously act in the direction of 
inhibiting the exudative manifestations of inflammation and of 
interfering with the demand for fibroblastic and other reparative 
activities for increased nutritional supplies. The experimental work 
so far completed does not indicate whether this decrease in 
permeability occurs as a primary event, or whether it is a con- 
comitant or a consequence of changes at another level in the reactions 
of the tissues to irritation: the elucidation of this question must 
await further enquiry. 
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The mechanism of the alterations in capillary permeability in 
inflammatory conditions is not yet clear. It has been known for some 
time that its increase is determined, in part at any rate, by the presence of 
leukotaxine, a nitrogenous substance present in inflammatory exudates 
(Menkin, 1940, etc.). Recent evidence points to the presence of other 
factors which affect the permeability of the capillaries similarly, but, at 
least as far as leukotaxine is concerned, it has been demonstrated that 
adrenal cortex extract or cortisone inhibits this action (Menkin, 1951b). 
It is also known that the permeability of capillaries and connective tissue 
is increased by hyaluronidase administered either locally or intravenously 
(Duran-Reynals, 1942; Opsahl, 1949; Elster and others, 1949; Seifter and 
others, 1949; Duran-Reynals and others, 1950; Sprunt, 1950); this 
increase in permeability has been found to be suppressed by cortisone 
whether given locally or systemically (OpsahI, 1949; Seifter and others, 
1949; Shuman and Finestone, 1950; Benditt and others, 1950). This 
action can be demonstrated locally by studying both the intradermal 
spreading reaction of Indian ink (Opsahl, 1949) and the leakage of dyes 
such as Evans or trypan blue from the blood stream into the tissues 
(Benditt and others, 1950; Armstrong and Irons, 1951). It is not known 
whether the hormone acts on the tissue cells or on their ground substance 
directly or by some intermediate reaction, or whether it interferes with the 
spreading factor, hyaluronidase. In this regard the unusually large amount 
of hyaiuronidase in the eye may be of importance, and it is interesting that 
Lepri and Montanari (1951) found a significant dimunition of hyaluronidase 
in the aqueous humour after the systemic injection of ACTH in animals. 

It is aiso interesting that Seifter and his co-authors (1949) found that 
hyaluronidase or desoxycorticosterone acetate (DOCA) produces a large 
increase in the permeability of the synovial membrane of joints, an increase 
antagonized -by steroids of the cortisone type. Somewhat parallel 
findings have been noted in the eye by Pentini and Fornaro (1950): 
DOCA was found to produce an increase of glucose in the aqueous 
humour of rabbits and a decrease of this substance in the lens, changes 
which were inhibited, more or less completely, by the injection of ACTH. 
It would seem that these steroid substances have a reciprocal influence on 
the permeability of such membranes as the synovial membrane and the 
blood-aqueous barrier. 


(b) ACTION OF CORTISONE ON EXUDATIVE PHENOMENA 


The extraordinary efficacy of cortisone in the control of the 
exudative phenomena of inflammation as seen in clinical cases would 
lead to the expectation that such an inhibition could be readily 
demonstrated pathologically or experimentally. It is curious that 
little work has been done directly on this problem in general 
pathology. Spain and others (1950a) studied the healing of wounds 
in mice, and noted, on examination 24 hours after wounding, that 
there was an almost complete lack of the formation of exudate and 
fibrin in the cortisone-treated group; these results were confirmed 
by Michael and Whorton (1951) in skin lesions produced in rabbits 
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by croton oil and scratches. It is interesting that, in another series 
of experiments, Spain and his co-workers (1950b) found that cortisone 
had no effect on the early formation of acute inflammatory exudates 
in response to intracutaneous injections of turpentine; it may well 
have been that the toxic action of the turpentine injured the vessels 
too severely for cortisone to be effective in restoring the normal 
permeability, and that this gradation in response finds a parallel in 
the partial control of very severe inflammations which we have seen 
in a previous paper to occur clinically in diseases of the eye 
(Duke-Elder, 1951). 

So far as experimental work on the eye is concerned, Biegel (1951) 
found that cortisone inhibited the formation of plasmoid aqueous 
and fibrinous collections in the anterior chamber in cases of horse- 
serum uveitis in rabbits. This finding has been supplemented by the 
observations of Ashton and Cook (1951) in their experiments on 
the healing of incised wounds in rabbits’ corneae described in this 
issue (p. 708). Cortisone, in the doses they used, was found to have 
a mild but definite inhibitory effect on the formation of the fibrinoid 
coagulum in the wounds. It is obvious that many of the beneficial 
effects of ACTH and cortisone in the treatment of ocular disease 
may be attributed to this blockage of the exudative tissue-reaction, 
which in the eye may have catastrophic results. 


(c) ACTION OF CORTISONE ON CELLULAR INFILTRATION AND ON 
THE FORMATION OF GRANULATION TISSUE 


Several investigators have demonstrated the marked inhibitory 
effect of cortisone on experimentally produced allergic and traumatic 
inflammations. In the skin, wherein observations are relatively 
easy, this is exemplified in the work of Shwartzman and others 
(1950), who showed that the severe local reaction produced in rabbits 
by the intradermal injection of a meningococcal culture filtrate, 
followed 24 hours later by the intravenous injection of a large 
provocative dose of the material, could be inhibited in a large 
majority of cases (although not invariably) by a prior intramuscular 
injection of cortisone. These findings have been corroborated histo- 
logically in allied allergic and traumatic inflammations by Dougherty 
and Schneebeli (1950), who deduced that the inhibition of the 
inflammatory response occurred without interference with the 
antibody-antigen reaction, and by Armstrong and Irons (1951), who 
found that the reduction of cellular exudate involved polymorpho- 
nuclears, leucocytes, round cells, and lymphocytes. Similarly, the 
study of the healing of cutaneous wounds in mice and rabbits has 
shown that cortisone has brought about a retardation in the formation 
of granulation tissue (Baker and Whitaker, 1950, and Shapiro and 
others, 1951, in the rat; Spain and others, 1950a, in mice; Plotz and 
others, 1950, and Ragan and others, 1950, in rabbits’ ears), although 
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no effect has been demonstrated on already existing granulation tissue 
if the hormone has been administered during the later stages of 
healing (Spain and others, 1950b). 


In human diseases, these experimental findings are paralleled by the 
observations of Shick and others (1950), who found in two cases of 
periarteritis nodosa, wherein the presence of arteritis had been demonstrated 
on biopsy, that all histological signs of inflammation disappeared after 


treatment with cortisone, within three weeks in the first case and within 
three months in the second; at this stage histological examination of 


multiple sections from many organs failed to reveal a vessel which was 
. the site of active inflammation. A similar decrease of the cellular 


infiltration of the diseased portions of the liver in infective hepatitis after 
the administration of cortisone was demonstrated by Hanger and Collins 


(1950), but the active necrosis of parenchymal cells was not abolished. 
Finally, a retardation of the formation of granulation tissue in wounds of 
the skin in man has been observed by Creditor and others (1950). 

Experimental work on the eye in this field has not been extensive 
but it has pointed to the same conclusion. In the eyes of experi- 
mental rabbits, Woods (1950) and Woods and Wood (1950) have 
found that cortisone and ACTH effectively block the inflammatory 
phase of the hypersensitive reaction in tuberculin-sensitive rabbits. . 
Similarly, the inflammatory reaction secondary to the injection of 
glycerin or jequirity (Woods, 1950) or tale (Bourquin, 1951) into 
the anterior chamber has been shown to be controlled. The 
inhibitory effect of cortisone on cellular infiltration was particularly 
well shown by Biegel (1951) in the experimental production of 
horse-serum uveitis in rabbits, and the photographs of sections of 
the uvea in his paper clearly demonstrate the relative acellularity in 
the series under treatment with cortisone. This work has been taken 
a step further in a subsequent paper in this Journal, wherein it is 
shown that cortisone exerts a similar reduction in the cellular 
inflammatory reaction in incised wounds in the cornea of the rabbit 
(Ashton and Cook, 1951). 

There appears, therefore, to be general agreement that cortisone 
inhibits the cellular infiltration associated with inflammation and 
also the formation of granulation tissue in the healing process in 


the body generally and also in the eye. 


(d) ACTION OF CORTISONE ON THE FORMATION OF CONNECTIVE 
TISSUE IN THE HEALING PROCESS 


The action of cortisone on the formation of connective tissue in 
the healing of wounds and in inflammatory processes has excited a 
considerable amount of attention since the observation by Plotz and 
others (1950a) that there was a marked delay in the healing of 
spontaneous and incised wounds in patients under treatment with 
cortisone and ACTH. 
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Several techniques have been employed, most of which have 


been concerned with the readily accessible wounds of the skin. 
It is interesting that Castor and Baker (1950) applied cortisone to 


the non-traumatized skin of rats and found that the histological 


structure in the treated area was modified; the thickness of the 


dermis was reduced, apparently because of a loss of substance from 
the collagenous fibres, while fibroblasts and other cells of the dermal 


connective tissue were fewer in number in the treated regions. 
Observations on the healing of skin wounds in animals, including 
wounds of the ears of rabbits, have shown that in the cortisone- 
treated animals fibroblastic activity is depressed, new fibroblasts are 
few, and there is much less ground substance as determined by staining 
with toluidene blue (Ragan and others, 1950; Plotz and others, 1950; 
Spain and others, 1950; Baxter and others, 1951a; Cavallero and 
others, 1951). 

Observations on the healing of wounds of the skin in man have 
been contradictory. On the one hand, Creditor and others (1950), 
treating two patients with ACTH, took elliptical skin biopsies on 
the first day of therapy and after one week excised the whole area; 
these showed no evidence of healing of the mesenchymal tissue for, 
while there was proliferation of the epithelial structures, practically 
no granulation tissue, leucocytes, fibroblasts, or proliferating blood 
vessels were seen. The inhibition was of short duration, however, 
and one week after cessation of the administration of ACTH the 
wound showed normal healing. On the other hand, Baxter and 
others (1951b), in patients also treated by ACTH, found that a delay 
in the healing of skin wounds might or might not occur, and that, if 
it did occur, the pattern of healing was unaltered. 

Any such inhibition, of course, might well be expected to have 
repercussions which might assume clinica) importance. Thus Howes 
and others (1950), testing the tensile strength of sutured wounds in the 
skin of rats, found that the bursting strength of the wounds was much 
greater in contro] rats than in those treated with cortisone, while in 
experiments designed to examine the effect of the administration of 
this hormone upon the healing and growth of skin autografts in 
rabbits, Billingham and Krohn (1951) found that the primary healing 
of the grafts was weakened and that their histological re-organization 
was retarded. 

Experimental evidence is also available that a similar inhibition 
of fibroblastic activity occurs in other organs. Thus a delay in the 


union of fractures in animals has been demonstrated by Plotz and 
others (1950) and by Blunt and others (1950), a delay which in the 


latter authors’ experience did not become apparent until about the 
fourth day. A similar retardation has been found in the healing of 


wounds of the stomach (Plotz and others, 1950), and an inhibition of 
the formation of fibroblasts and collagen has been noted in the 
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tissue-reaction following the injection of turpentine in rats 
(Taubenhaus and Amromin, 1950) and in the formation of new 


adhesions in rats injected intraperitoneally with talc (Ducommon and 
Mach, 1950); in the latter case no effect on established adhesions 


could be demonstrated. A similar inhibition of the formation of 
connective tissue in the spleen and lungs of rats infected with 
Coccidioides immitis and treated with cortisone has been demons- 
trated by Cavallero and Sala (1951), and of the hepatic fibrosis 
experimentally induced in rats by the injection of carbon tetrachloride 
by Aterman (1950) and Cavallero and others (1951). It is interesting 
that in the latter case fatty degeneration was not affected. In these 
reactions, ACTH has been noted to have less inhibitory effect than 
cortisone (Taubenhaus and Amromin, 1950), and other steroid 
hormones have been found to be inactive in this respect (Plotz and 
others, 1950). 

In the eye less experimenta) work is available for study. Leopold 
and others (1951) found that cortisone interfered, although only 
slightly, with the formation of fibroblasts in the corneal stroma of 
rabbits after experimental wounds, an effect which these workers 
observed to be less obvious with the topical application of the 
hormone than with subconjunctival injections. This suggests that 
various concentrations of cortisone may have a variable effect on the 
healing of wounds. Ashton and Cook (1951) have confirmed these 
findings. These authors found that the inhibition of fibroblastic 
activity in the cornea was marked but by no means absolute and 
related to the amount of cortisone given: with moderate doses such 
as would normally be used therapeutically, adequate healing took 
place but was less satisfactory than in untreated controls. This 
experimental observation finds its clinical complement, for the 
literature shows that ocular operations can be conducted with 
impunity while the patient is under treatment by cortisone 
(Duke-Elder, 1951). Ashton and Cook found, however, that if the 
doses given were large, repair by fibrosis could be almost completely 
inhibited. It may be of interest that, in their studies on the healing of 
fractures in the femurs of rabbits, Blunt and others (1950) concluded 
that the delay in healing caused by cortisone was possibly due to an 
inhibition in the new formation of blood vessels, but this cannot be 
held responsible for any retardation of healing in the avascular cornea. 

In general, therefore, there is considerable evidence and widespread 
agreement that cortisone depresses fibroblastic activity and con- 
sequently wound healing, both in experimental animals and in man. 
How the hormone acts in this respect is quite unknown, but that its 
effect is not a simple and direct inhibition of fibroblastic cells seems 
indicated by the findings of Steen (1951) that in its presence, unless 
in very high concentrations indeed, the growth of these cells proceeds 
actively in tissue culture and mitotic activity is unimpaired. 
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(e) ACTION OF CORTISONE ON NEW VESSEL FORMATION 


There is a remarkable concensus of opinion among the few 
experimental workers who have interested themselves in the question 
whether cortisone exerts a considerable inhibitory influence on the 
formation of new vessels during the process of inflammation and 
repair. Thus a depression of this activity in comparison with that 
in controls was found in wounds of the skin of mice (Spain and 
others, 1950) and of rabbits (Baxter and others, 1951), and a similar 
delay in the vascularization of skin-autografts in rabbits was 
demonstrated by Billingham and Krohn (1951). We have already 
noted the striking depression observed by Blunt and others (1950) 
in the formation of new vessels in the healing of fractures in the 
femurs of cortisone-treated rabbits. The observations of Creditor 
and others (1950), who found practically no proliferating vessels in 
skin biopsies taken from two patients treated with ACTH, would 
seem to indicate that a similar inhibition of new vessel formation 
occurs in man. 

In the eye, vascularization of the cornea as affected by the adminis- 
tration of cortisone has been studied experimentally by Jones and 
Meyer (1950). These authors found that after the intracorneal 
injection of sodium hydroxide, vascularization was inhibited when 
solutions of cortisone were injected subconjunctivally. Leopold and 
his co-workers (1951), on the other hand, found that cortisone 
produced no significant dimunition of either opacification or 
vascularization when a concentrated solution of this alkali was 
applied to the corneal surface or injected intra-lamellarly. It may 
have been that the violence of the reaction produced by the latter 
authors was not amenable to amelioration, but the findings of the 
former have been confirmed by Lister and Greaves (1951) and by 
Ashton, Cook, and Langham (1951). There is no doubt that, in the 
case of reactions of reasonable intensity, the vascularization habitually 
exerted by experimental insults, such as the production of standard 
corneal burns or the intracameral injection of alloxan, can be 


controlled by cortisone administered either locally or systemically, 
although, as in most other activities of this hormone, the control is 


graded and not absolute. 

The rationale of this inhibition of vascularization is not by any 
means clear, and will probably remain obscure until the mechanism 
of corneal vascularization in inflammatory processes is understood. 
It may be that some chemotactic influence exerted by injured tissue 
upon the limbal capillaries is blocked by cortisone. It may be that 
the endothelial cells are prevented from responding to such a 
chemotactic influence by proliferation, a process perhaps parallel 
with the findings of Ashton and Cook (1951) that: in the healing of 
corneal wounds in rabbits endothelial regeneration was markedly 
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inhibited by cortisone. Alternatively, some other factor or factors 
unknown may come into play. Whatever the cause, these experi- 
mental findings receive ample clinical corroboration, for one of the 
most useful and impressive therapeutic actions of cortisone in 
inflammatory corneal disease is the repression and sometimes even 
the regression in the evolution of neo-vascularization. In view of the 
great potential value of this property of cortisone in the treatment of 
ocular disease, particularly in the suppression of corneal vasculariza- 
tion, further clinical and experimental work is urgently called for to 
elucidate its mechanism and assess its clinical value. 

We have already noted the possibility that cortisone acts as an inhibitor 
of hyaluronidase. Jones and Meyer (1950) considered that an essential 
preliminary to the growth of blood vessels into the cornea is a break-down 
of the corneal polymucosaccharides by hyaluronidase, a suggestion based 
on the work on this enzyme of Meyer and Chaffee (1940). The sub- 
sequent work of Woodin (1950), however, has thrown considerable doubt 
upon this possibility, for it would appear that hyaluronidase is inactive 
as a spreading factor in the cornea (of the rabbit and ox), and that the 
substrate for hyaluronidase is absent from this tissue, an opinion which 
receives support from the work of Wislocki and others (1947), who 
found that the metachromatic staining reaction of the cornea with 
toluidene blue was not abolished by treatment with testicular hyaluronidase. 


({) ACTION OF CORTISONE ON EPITHELIAL AND 
ENDOTHELIAL REGENERATION 


There are few reports of research projects which have had as 
their main object the study of the effect of cortisone upon the 
regeneration of epithelium. It is interesting that Castor and Baker 
(1950), on applying cortisone to the non-traumatized skin of rats for 
long periods, found that the epidermis became thinner, the growth of 
hair ceased, the sebaceous glands became smaller, and, in males, the 
size of the epidermal cells was reduced. Theconclusion that cortisone 
injected systemically or applied locally is a powerful inhibitor of 
mitosis in the prophase in the epidermis of the adult male mouse 
would seem to follow from the observations of Green and Ghadially 
(1951), but it is to be remembered that measurements of mitotic activity 
and the rate of tissue growth may not necessarily run parallel. 
Gubner (1951), in drawing attention to the similarity between the 
therapeutic activity of cortisone and that of the folic acid antagonist, 
aminopterin, pointed out that, although the locus of their biochemical 
effects is not the same, both substances are none the less anti-anabolic 
and tend to inhibit tissue regeneration. He concluded that the 
therapeutic action of both substances reflects a suppression of both 
epithelial and mesenchymal activity. 

Several authors have referred to epithelial growth in their experi- 
ments on the effect of cortisone on the healing of wounds; the 
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observations recorded, however, are not in agreement. On the one 
hand, the observations just reviewed would seem to be corroborated 
by the findings of Howes and others (1950), who reported a 
diminished epithelialization of wounds in rabbits treated with large 
doses of cortisone and a slowing of epithelialization with smaller 
doses, and of Baxter and others (1951a), who found that union by 
epithelium in skin incisions in rabbits lagged behind that in controls. 
On the other hand, an opposite finding has been equally substantiated. 
Spain and others (1950a), in their study of wounds on the backs of 
forty mice, to which we have previously referred, found that, although 
there was an arrest of fibroblastic activity in the cortisone-treated 
group, epithelialization was complete in some wounds. Creditor 
and others (1950), in a similar study in rabbits, found that, while 
practically no granulation tissue, leucocytes, fibroblasts, or pro- 
liferating new vessels occurred in the wounds of the treated animals, 
there was a proliferation of the epithelial structures. Finally, 
Ragan and others (1950), in their study of the healing of defects in - 
rabbits’ ears, observed that, in the absence of mesenchymal tissue 
regeneration, new epithelium proliferated from the edges of the 
wounds, an observation confirmed by Baxter and others (1951b) in the 
skin of man. 

Only Leopold and his co-workers (1951) have drawn particuiar 
attention to this matter as regards the eye; they concluded that 
epithelial regeneration was delayed by cortisone in standard abrasions 
of the corneal epithelium. In the experiments of Ashton and Cook 
(1951) and Lister and Greaves (1951) upon traumatized rabbits’ 
corneae, epithelial regeneration did not appear to be significantly 
retarded when small doses of cortisone were used, but there seemed 
to be some inhibition of epithelial growth if the doses were large. 
It is interesting that our series of clinical cases, reported in the 
previous paper (p. 672), occasionally showed a: retardation in the 
epithelialization of corneal ulcers, which retained their stain to 
fluorescein while topical treatment with cortisone was continued, and 
lost it on the cessation of treatment; but such an effect was sporadic 
in its incidence. It is clear that further experimental work is required 
to elucidate the effect, if any, of cortisone upon epithelial growth, but 
it is equally clear that any such effect is not great. Again, it is to be 
noted that, whatever the effect in vivo, the growth of epithelial cells 
proceeds actively in tissue-culture exposed to high concentrations of 
cortisone (Steen, 1951), an activity comparable to that exhibited by 
fibroblasts. 

The action of cortisone on endothelial regeneration has so far 
received little attention among experimental investigators, but the 
significant decrease found by Ashton and Cook (1951) in the normally 
rapid renewal of the corneal endothelium after wounds in the rabbit 
cornea may not be without significance. 
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SUMMARY 


A study of the literature and an assessment of the new experimental 
work carried out in the eye and reported in subsequent papers in this 
Journal leads to the following tentative conclusions with regard to the 
action of cortisone in the tissue reactions of inflammation and repair: 


(1) While no effect is evident on the permeability of the normal 
capillaries, the increased permeability characteristic of inflammation is 
significantly lessened. 

(2) The exudative phenomena associated with inflammation are 
also inhibited. 

(3) Cellular infiltration and the formation of granulation tissue are 
similarly inhibited. 

(4) The fibroblastic activity associated with tissue repair is diminished 
with a consequent retardation in the healing of wounds, an effect evident 
in the avascular cornea. 

_ (5) Post-inflammatory neo-vascularization is significantly diminished, 
an effect well demonstrated in the cornea. 

(6) There is doubt regarding the effect of cortisone on epithelial 
regeneration; any influence it may have is small unless the dosage is 
considerably larger than would be used therapeutically. Endothelial 
regeneration, in so far as repair of the corneal endothelium is concerned, 
seems to be retarded. 


The mechanism whereby cortisone influences these reactions is in 
no case clear. However, some features of its activity, such as the 
delay in the action of the hormone in certain activities (causing 
decreased capillary permeability or inhibiting fibrous repair, etc.), 
and particularly the immunity of fibroblasts in tissue-culture 
(although exposed to a concentration of cortisone 20 times the 
therapeutic level) in contradistinction to the suppression of their 
activity in vivo, would seem to indicate the probability of an indirect 
action through the intervention of an agent or agents unknown, 
which only become available in the living animal. The fact that 
intra-ocular activity results from the introduction of a relatively 
insoluble substance into the conjunctival sac also suggests that the 
hormone becomes effective through some soluble intermediate 


product. 
REFERENCES 


AMSLER, M., and Huser, A. (1946). Ophthalmologica, Basel, 111, 155. 
ARMSTRONG, S. H., and Irons, E. N. (1951). Arch. Ophthal., Chicago, 45, 251. 
AsHTON, N., and Cook, C. A. G. (1951). British Journal of Ophthalmology, 35, 708. 
and LANGHAM, M. E. (1951). Jbid., 35, 718. 

ATERMAN, K. (1950). Lancet, 2, 517. 

Baker, B. L., and WHITAKER, W. L. (1950). Endocrinology, 46, 544. 

Baxter, H., SCHILLER, C., and WuHiITESIDE, J. (1951a). Plast. Reconstr. Surg., 7, 85. 

— and Srraitn, R. E. (1951b). Ibid., 7, 24. 

Benoitt, E. P., SCHILLER, S., WONG, H., and Dorrman, A. (1950). Proc. Soc. exp. 
Biol., N.Y., 75, 782. 
























PATHOLOGICAL ACTION OF CORTISONE 707 


BueGEL, A. (1951). Arch. Ophthal., Chicago, 45, 258. 

BILLINGHAM, R. E., and KRouwn, P. L. (1951). Brit. med. J., 1, 1157. 

BLUNT, J. W. JNR., ’PLorz, ah M. Latres, R., Howes, E. L., MEYER, K., and RAGAN, C. 
(1950). Proc. Soe. exp. Biol., N.Y., 73, 678. 

Bouraquin, J. B. (1951). Experientia, Basel, 7, 229. 

Castor, C, W., and BAKER, B. L. (1950). Endocrinology, 47, 234. 

— 2 a Borasi, M., SALA, G., and Amira, A. (1951). Arch, int. Pharmacodyn., 

. 43. 

and Saxa, G. (1951). Lancet, 1, 175. 

Cook, = a and MACDONALD, R. K. (1951). British Journal of Ophthalmology, 

Crepitor, M. C., BEVANS, M., MuNpby, W. L., and RaGAn, C, (1950). Proc. Soc. 
exp. Biol., N. Y., 74, 245. 

DOouGHERTY, T. F., and SCHNEEBELI, L. (1950). Ibid., 75, 854. 

DucommuN, P., and Macn, R. S. (1950 ). Sem. Hop. Paris, 26, 3170. 

Duke-ELDER, S. (1951). British Journal of Ophthalmology, 35, 637. 

Duran-REYNALS, F, (1942). Bact. Rev., 6, 197. 

BuNTING, H., and VAN WAGENEN, G. (1950). Ann. N.Y. Acad. Sci., 52, 1006. 
Exster, S. K., FREEMAN, M. E., and DORFMAN, A, (1949). Amer. J. Physiol., 156, 429. 
GreEN, H. N., and GHADIALLY, F. N. (1951). Brit. med. J., 1, 497. 

Gupner, R. (1951). Amer. J. med. Sci., 221, 169. 
HAncer, F. M., and Co.uins, G. L. (1950). Trans. Ass. Amer. Phys., 63, 272. 
Howes, E. L., PLotz, C. M., BLUNT, J. W., and RaGan, C. (1950). Surgery, 28, 177. 
Jones, I. R., and Meyer, K. (1950). Proc. Soc. exp. Biol., N.Y., 74, 102. 
LEOPOLD, I. H., PURNELL, J. E., CANNON, E, J., STEINMETZ, C. G., and MCDONALD, P. R. 
(1951). Amer. J. Ophthal., 34, 361. 
Lepri, G., and MOnTANARI, L. (1951). Arch. Ottalmol., 55, 329. 
Lister, A., and Greaves, D. P. (1951). British Journal of Ophthalmology, 35, 725. 
MENKIN, V. (1940). Amer. J. Physiol., 129, 691. 
(195la). Ibid., 164, 294. 
(1951b). Fed. Proc., 10, 91. 
Meyer, K., and CHAFFEE, E. (1940). Amer. J. Ophthal., 23, 1320. 
MICHAEL, M., and WHorTON, C. M. (1951). Proc. Soc. exp. Biol., N.Y., 76, 754. 
OpsaHL, J. C. (1949). Yale J. Biol. Med., 21, 255, 487; 22, 115. 
PENTINI, G., and FORNARO, L. (1950). Folia endocrinol., Pisa, 3, 893. 


PLotz, C. M., Howes, E. L., BLUNT, J. W., MEYER, K., and RaGan, C. (1950a). Arch. 


Derm. Syph., Chicago, 61, 913. 





(1950b). Jbid., 61, 919. 

RaGAan, C., Howes, E. L., PLotz, C. M., MEYER, K., BLUNT, J. W., and Latres, R. 
(1950). Bull. N.Y. Acad. Med., 26, 251. 

Rosson, H. N., and Durtuie, J. J. R. (1950). Brit. med. J., 2, 971. 

ScuirMER, R. E. (1950). J. Ark. med. Soc., 47, 99. 

amare ., BAEDER, D. H., and BgGany, A. J. (1949a). Proc. Soc. exp. Biol., N. Y., 72, 
136. 


(1949b). Ibid., 72, 277. 
SHAPIRO, R., TAYLOR, B., and TAUBENHAUS, M. (1951). Jbid., 76, 854. 
Suick, R. M., BaGGenstoss, A. H., FULLER, B. F., and Po.iey, H. F. (1950). Proc. 
Mayo Clin., 25, 492. 
SHuman, C. R., and Finestone, A. J. (1950). Proc. Soc. exp. Biol., N.Y., 73, 248. 
SHWARTZMAN, G., SCHNEIERSON, S. S., and Sorrer, L. J. (1950). Jbid., 75, 175. 
Spain, D. M., MOLOoMUT, N., and Haber, A. (1950a). Jbid., 73, 416. 
(1950b). Science, 112, 335. 
SprunrtT, D. H. (1950). Ann. N.Y. Acad. Sci., 52, 1052. 
Steen, A. S. (1951). British Journal of Ophthalmology, 35, 741. 
TAUBENHAUS, M., and AMROMIN, G. D. (1950). J. Lab. clin. Med., 36, 7. 
WisLockI, G. B., BUNTING, H., and Dempsey, E. W. (1947). Amer. J. Anat., 81, 1. 
Wooptn, A. M. (1950). British Journal of Ophthalmology, 34, 375. 
Woops, A. C. (1950). Amer. J. Ophthal., 33, 1325. 
and Woop, R. M. (1950). Bull. Johns Hopk. Hosp., 87, 482. 














Brit. J. Ophthal., 35, 708. 


EFFECT OF CORTISONE ON HEALING OF 
CORNEAL WOUNDS 
BY 


NORMAN ASHTON anp CHARLES COOK 
From the Department of Pathology, Institute of Ophthalmology, London 


THE evidence that cortisone inhibits wound healing in animals and 
man through its depressant action upon fibroblastic activity has 
already been reviewed (Duke-Elder and Ashton, 1951), but this 
conclusion might not apply equally to repair-processes in the 
non-vascularized tissue of the cornea, in which the metabolism 
is peculiar and the structure unique. The following experiments 
were therefore designed to determine the effect of cortisone upon 
the healing of perforating wounds of the rabbit cornea. 


Methods 


EXPERIMENT 1.—Twenty rabbits were used. Under general anaesthesia, 
a horizontal perforating wound, approximately 5 mm. long, was made in 
the central portion of the cornea of each rabbit. One group of ten 
rabbits was used as a control. The second group of ten rabbits was 
given daily subconjunctival injections of 2.5 mg. cortisone, beginning 
48 hrs before the infliction of the corneal wound. One control and one 
treated rabbit were killed together at 24-hr. intervals. The eyes were then 
removed, and placed in 10 per cent. formol saline, and celloidin sections 
were prepared for histological examination. Each injured eye was 
photographed immediately before death. The purpose of this experiment 
was to determine and compare the histological stage of healing on each 
day over a period of 10 days in treated and untreated corneal wounds. 


EXPERIMENT 2.—A repeat series of eight rabbits was given larger doses of 
cortisone, viz., 15 mg. subconjunctivally every day beginning 48 hrs 
before the corneal wound was made. The animals were killed on the 
Ist, 2nd, 5th, 6th, 7th, and 10th days (these days were selected after 
examining the results of the first experiment, as having shown the most 
marked differences between the control and treated animals). The last 
two rabbits were killed on the 14th and 17th days. The purpose of this 
experiment was to confirm the findings in the first series and to ascertain 
whether the histological changes produced by cortisone in wound healing 
can be related to the quantity of hormone administered. 


Results 


EXPERIMENT 1.—By photographing each section a series of pictures 
showing the daily developments in the histological process of healing 
was obtained, but the individual reactions of each rabbit naturally 
resulted in a series which was not always progressive. Indeed, in a 


708 











CORTISONE AND CORNEAL WOUNDS 709 


few instances, the stage of healing was less well advanced at a later 
day in one animal than at an earlier day in another; in general, 
however, the gradation of healing was well shown. No attempt will 
be made to describe the minute histological developments in each of 
the sections examined, but the most important stages of healing in 
the normal control series will be described and will subsequently be 
compared with the cortisone treated series. 


Control Series.—On the first day, 24 hrs after the perforation was 
made, the wound had filled with a fine fibrinous coagulum. 
Epithelial regeneration had already begun and proliferating epithelial 
cells extended inwards over the outer lips of the wound (Fig. 1). 
The ruptured Descemet’s membrane retracted and curled forward 
accompanied by the severed endothelium. The stroma was lightly 
infiltrated with polymorphonuclears and macrophages, which by the 
second day had aggregated at the wound edges (Fig. 2). The healing 
process progressed slowly, but there was no very significant change 
until the fifth day when fibroblastic activity was evident immediately 
under the regenerated epithelium and to a lesser extent at the free 
margins of the wound. On this day also the endothelium showed 
considerable activity, and it had already advanced towards the 
centre of the wound, progressing along the inner aspect of the 
fibrinous coagulum (Fig. 4). By the sixth and seventh day the outer 
half of the wound was completely sealed with a mass of fibroblasts 
which had pushed the previously inverted epithelium outwards. 
The endothelium had completely healed and the continuity of the 





Fic. 1.—Controi rabbit, first day. (24 hrs after infliction of wound). 
Epithelial regeneration has already begun, and proliferating epithelial 
cells extend inwards into the wound which contains a fine fibrinous 
coagulum. Descemet’s membrane is retracted and curled forward. 
Haematoxylin and eosin. x55. 











Fic. 2.—Control rabbit, second day. 
Epithelial regeneration has pro 

the wound contains fibrin congtilon and 
the stroma is infiltrated with poly- 
morphonuclears and macrophages which 
have aggregated at the wound edges. 


Haematoxylin and eosin. x50. 





Fic. 4—Control rabbit, fifth day. 
Fibroblastic activity is beginning under 
the regenerated epithelium and the endo- 
thelium has already advanced towards 
the centre of the wound. Haematoxylin 
and eosin. 50. 


Fic. 3.—Cortisone-treated rabbit (Ex- 
periment 1), second day. Note relative 
acellularity of wound edges (cf. Fig. 2). 
Epithelial regeneration is less than in 
control. There is a paucity of fibrin 


coagulum in the wound itself. Haema- 
toxylin and eosin. 


x 50. 





Fic. 5.—Cortisone-treated rabbit (Ex- 
periment 1), fifth day. Epithelial re- 
generation is less, and fibroblastic 
activity greatly inhibited. There is no 
evidence of endothelial regeneration (cf. 


Fig. 4). Haematoxylin and eosin. x 50, 





Fic. 6.—Control rabbit, sixth day, The 
outer half of the wound is now com- 
pletely sealed with a mass of fibroblasts 
which have pushed the previously in- 
verted epithelium outwards. The endo- 
thelium is completely healed and the 
continuity of the membrane restored. 
Note cellularity of the stroma. Haema- 
toxylin and eosin, x50, 


Fic. 7.—Cortisone-treated rabbit (Ex- 


periment 1), sixth day. Fibroblastic 
activity is impaired and inner half of 
wound gapes widely, Anteriorly the 
gap resulting from the inhibition of fibro- 
blasts has been replaced by epithelial re- 
generation. There is very little evidence 
of endothelial regeneration (cf. Fig. 6). 
Haematoxylin and eosin. x50. 
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Fic. 9.—Cortisone- 
treated rabbit (Ex- 
periment 1), fourth 
day. Note greatly 
reduced opacity 
around central per- 
forating wound as 
compared with the 


control (see Fig. 8). 


Fic. 8.—Control rab- 
bit (Experiment 1), 
fourth day. Note 
marked opacity 
around central per- 
forating wound (com- 
pare Fig. 9). 





membrane was restored (Figs 6 and 10). By the ninth day the 
corneal epithelium was of uniform thickness and the wound was 
healed by a solid mass of fibroblasts which were already beginning 
to align themselves into lamellar formation (Fig. 13). By the 
tenth day the normal corneal thickness was restored and the wound 


bridged by a mass of laminated fibrocytes (Fig. 15). 


Cortisone Series.—On the first day the cortisone-treated rabbit 


showed a less exuberant epithelial regeneration and a deficient 
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Fis. \9.— Control rabbit, seventh 
day. The anterior half of the wound 
is sealed with a mass of fibroblasts 
and the endothelium is completely 


healed. Haematoxylin and eosin. 





Fic. 11.—Cortisone-treated rabbit 
(Experiment 1), seventh day. The 
fibroblastic activity is considerably 
less than in the control and the 
endothelial regeneration is markedly 
inhibited (compare Fig. 10). Haema- 


toxylin and eosin. x5 





Fic. 12.—Cortisone-treated rabbit 
(Experiment 2), seventh day. There 
is some impairment of epithelial re- 
generation. Fibroblastic activity is 
more severely affected than with 
smaller doses of cortisone (the cavity 
contains serous uid), and endo- 
thelial regeneration 1s completely 
arrested (compare Figs 10 and 11). 
Haematoxylin and eosin. x 50. 





fibrinous coagulum in-the wound. A curious feature was a failure 
of Descemet’s membrane to curl forward; as an isolated observation 
this fact would hardly be worth recording, but the tendency was 
noted in all the cortisone-treated eyes. The sections of the second 
day showed a remarkable acellularity of the wound edges as compared 
with the normal wound (Fig. 3), and the epithelial regeneration was 
again slightly less. On the fifth day the sections differed from the 
control in that epithelial regeneration was less, fibroblastic activity 
beneath the epithelium very slight, the wound edges much less 
cellular, and evidence of endothelial regeneration absent (Fig. 5). 
On the sixth day epithelial regeneration was more marked in the 
cortisone-treated eye than in the control, but fibroblastic activity was 
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Fic. 13.—Control rabbit, ninth day. The corneal epithelium is of 


uniform thickness and the wound is now healed by a solid mass of fibro- 


blasts which are beginning to align themselves into lamellae, The intact 
endothelium may be seen. Haematoxylin and eosin. x 80. 





Fic. 14.—Cortisone-treated rabbit (Experiment — 1), ninth day. The 
wound is firmly bound together with fibroblastic tissue, but there is 
considerably less than in the control and the anterior deficiency is 

placed by epithelial proliferation. Endothelial regeneration is com- 


pletely arrested (compare Fig. 13). Haematoxylin and eosin. xX 80, 


again less and the inner half of the wound gaped widely. There was 


practically no evidence of endothelial regeneration, although the 
corresponding contro) section showed complete endothelial regenera- 


tion by this time (Fig. 7). The cellular activity throughout the 
stroma and at the edges of the wound was considerably less than in 


the control specimen: this inhibition of infiltration around the wound 
was recognizable clinically throughout the experiment (Figs 8 and 9). 
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A similar difference was noted on the seventh day (Fig. 11). On the 
ninth day the epithelium was hyperplastic, whereas the control 
showed an epithelium of normal thickness. The wound was now 
firmly bound together with fibroblastic tissue but there was con- 
siderably less of this tissue than in the control, and it was particularly 
deficient anteriorly and posteriorly. Anteriorly the deficiency was 
compensated by the epithelial hyperplasia which had restored the 
surface level of the cornea. Endothelial regeneration was still 
completely arrested (Fig. 14). On the tenth day the epithelial 
regeneration over the wound was again markedly greater than normal 
and formed a triangular-shaped mass, but the wound itself showed 
only a delicate fibrous scar. The endothelium now exhibited a tardy 
and sluggish attempt at regeneration (Fig. 16). 


EXPERIMENT 2.—The six corneae examined on the first, second, fifth, 
sixth, seventh, and tenth days, when compared with the controls of 
the first experiment, all showed inhibition of the healing process, but 
this was considerably more marked than in the first cortisone series 
in which smaller dosages had been used. There was. but little 
formation of fibrinous coagulum in the early stages, polymorphonu- 
clear and macrophage infiltration were severely inhibited, fibroblastic 
activity was practically arrested, and no endothelial regeneration 
occurred (Fig. 12). In the later stages of healing the findings varied 
to some extent, but in each section repair was grossly inadequate. 
On the tenth day the wound was joined with only a narrow attenuated 
strip of fibrous tissue, and the epithelium had not regenerated 
(Fig. 17). On the fourteenth and seventeenth days the sections showed 
a remarkable arrest of healing; in the section of the seventeenth day 
(Fig. 18) there was no evidence of fibroblastic activity or of endo- 
thelial regeneration, very few infiltrating cells could be seen in the 
stroma, and the wound was joined by a thin, delicate, fibrinous coagu- 
lum containing a few inflammatory cells. The epithelium had entirely 
desquamated, but this may well have been a post-mortem change. 
The stage of healing after 17 days with daily subconjunctival injections 
of 15 mg. cortisone was thus comparable to that of the first or second 
day in the control animal. 
Discussion 

The study of the effect of cortisone upon wound healing is not a 
simple one, for there are differences between species and individual 
variations, both in the response to the initial injury and in the 
reaction to the quantity of cortisone administered. One cannot, 
therefore, in this respect, lay down rigid criteria nor apply animal 
experiments to man without further evidence to support the analogy. 
It would seem from our experiments, however, that the inhibitory 
effect of cortisone upon the healing process in the cornea is exactly 
similar to that which has already been abundantly demonstrated in 
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Fic. 15.—Control rabbit, tenth day. The normal corneal thickness is 
restored and the wound is bridged by a mass of laminated fibrocytes. 
Haematoxylin and eosin. x 80. 





Fic. 16.—Cortisone-treated rabbit (Experiment 1), tenth day. The 
wound is healed by a delicate fibrous scar and there is a triangular mass 
of epithelial cells in the anterior part of the wound. The endothelium 
shows a sluggish attempt at regeneration (compare Fig. 15). Haematoxylin 
and eosin. x 80. 





Fic. 17.—Cortisone-treated rabbit (Experiment 2), tenth day. The 
wound is joined with but a narrow attenuated strip of fibrous tissue and 
the epithelium has not regenerated. The larger doses of cortisone have 
greatly impaired the healing process (compare Figs 15 and 16). 
Haematoxylin and eosin. x 80. 
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Fic. 18.—Cortisone-treated rabbit (Experiment 2), seventeenth day. 
There is no evidence of fibroblastic activity nor of endothelial regeneration. 
Very few infiltrating cells can be seen in the stroma and the wound is 
joined by a thin, delicate fibrinous coagulum containing a few 
inflammatory cells. The epithelium is desquamated. Haematoxylin 
and eosin. x 135. 


other tissues in both animals and man. It is justifiable, therefore, to 
assume that the following assessment of the action of cortisone upon 
perforating wounds of the rabbit cornea at least indicates the 
reactions to be expected in similar circumstances in man. 

It has been shown that cortisone acetate administered sub- 
conjunctivally is able to modify the healing of perforating corneal 
wounds in the rabbit. The chief features of its action may be 
summarized as follows: 

(1) EPITHELIAL REGENERATION.—In the series of animals in which the 
doses of cortisone given were small and corresponded to those which 
would normally be used therapeutically, there was no significant effect 
upon epithelial regeneration; indeed, in this series the epithelium was able 
to proliferate sufficiently to fill the anterior gap resulting from the 
inhibition of fibroblastic repair (Figs 7, 14, and 16). With larger doses 
however, epithelial repair may be retarded (Fig. 17). The inhibition of 
epithelial regeneration is, therefore, apparently related to the dose of 
cortisone exhibited, and this fact may to some extent explain the 
conflicting reports in the literature. 

(2) Fisrinous CoAGULUM.—This normally fills the wound cavity during 
the first few days after injury and provides the scaffolding for its subsequent 
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reorganization; it was diminished quantitatively in the cortisone-treated 
cases (Fig. 3). 

(3) CELLULAR INFILTRATION.—Polymorphonuclears and macrophages 
were considerably less in the cortisone-treated cases, and the relative 
acellularity of the wound margins was a striking feature in these sections. 
(4) Frprosiastic Activiry.—This was inhibited to an appreciable extent 
even with small doses of cortisone; however, the eventual degree of 
healing was adequate, although less satisfactory than in the untreated 
controls. With larger doses healing by fibrosis was seriously impaired and 
either a shrunken inadequate scar (Fig. 17), or complete arrest of fibrous 
repair (Fig. 18), was the result. 

(5) ENDOTHELIAL REGENERATION.—This was more markedly inhibited in 
the cornea than was any other component. In the normal animal the 
endothelium rapidly proliferated and had completely regenerated by the 
6th day, whereas even small doses of cortisone greatly impaired its 
regenerative activity (Figs 7, 11, and 14), and larger doses completely 
arrested the process. It may be that cortisone acts similarly upon vascular 
endothelium; if so, the inhibition of new-vessel formation in cortisone- 
treated lesions may be attributable to this action. 


It is interesting to note that all the above effects were related to 
the quantity of cortisone administered, being more severe with the 
greater dosage; this finding has already been suggested by the work 
of Leopold and others (1951). It is clear that when this hormone is 
indicated immediately after intra-ocular operations, the minimal 
effective dose should be used in order to avoid undesirable complica- 
tions; it has been shown elsewhere (Duke-Elder, 1951) that, 
providing this principle is followed, ocular operations can safely be 
carried out while the patient is under treatment with cortisone. 


Summary 


The effect of cortisone upon the healing of perforating corneal 
wounds in the rabbit has been studied with small subconjunctival 
doses of cortisone corresponding to the usual therapeutic level, and 
with larger non-therapeutic doses. 

Cortisone was found to inhibit the formation of the fibrinous 
coagulum, cellular infiltration, fibroblastic repair, and endothelial 
regeneration. The inhibition was related to the quantity of cortisone 
administered, being moderate with small doses. (with which the final 
stage of healing was impaired but adequate), and severe with large 
doses (with which healing may be completely prevented). 

We are indebted to Dr. Peter Hansell for the photographs, and wish to thank 


Mr. G. Knight, Mr. A. McNeil, and Miss E. FitzGerald for technical and clerical 
assistance. 

The cortisone used in these experiments was supplied by the Medical Research 
Council, and was in part derived from a gift from Merck and Co. made jointly 
to the Medical Research Council and the Nuffield Trust. 
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EFFECT OF CORTISONE ON VASCULARIZATION 
AND OPACIFICATION OF THE CORNEA 
INDUCED BY ALLOXAN 


BY 


NORMAN ASHTON, CHARLES COOK, 
AND MAURICE LANGHAM 


From the Institute of Ophthalmology, London 


THERE are few reports in the literature of experimental work dealing 
with the effect of cortisone upon corneal vascularization, and the 
evidence so far advanced is partly conflicting (Duke-Elder and 
Ashton, 1951), but there is already some indication from clinical 
observers that cortisone exerts a considerable inhibitory influence on 
the formation of new vessels in the diseased cornea. The experi- 
mental work reported in this paper investigates this subject further 
by the use of a recently evolved technique which has particular 
advantages for this study. 

Before proceeding to investigate the effect of cortisone upon 
corneal vascularization it is necessary to consider the possible 
stimuli which might initiate new vessel formation; although the 
causes are still quite unknown, many theories have been advanced, 
some of which have an especial bearing upon the experimental 
conditions. Thus assuming for the moment that new vessel forma- 
tion arises in response to a chemical substance liberated in 
traumatized tissue, as suggested by Michaelson and Campbell (1949), 
any effect of cortisone may be due to a neutralizing mechanism, and the 
extent of its action would then depend upon the size of the lesion 
and the quantity of cortisone administered. Similarly, the severity 
of the lesion would be of importance were vascularization to result 
from alterations in the normal tissue tension, as suggested by Cogan 
(1949). In attempting, therefore, to assess the effect of a given dose 
of cortisone upon corneal vascularization, it is essential that the 
experimental lesion should be, as far as variation in individual animals 
will allow, both standardized, in order to permit comparison, and 
the minimal required to produce vascularization, to ensure adequate 
sensitivity. 

Although the work already published on this subject is of great 
importance in assessing the probable therapeutic value of cortisone, 
it cannot be held that caust'c (Jones and Meyer, 1950; Leopold and 
others, 1951), or thermal burns (Lister and Greaves, 1951), are 
entirely satisfactory methods for investigating this problem, for the 
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severity of such lesions may well either partially or completely 
obscure the cortisone effect. 

Fortunately for our purpose one of us (Langham) has recently 
devised a technique for producing a minimal vascularizing lesion of 
the cornea which may be readily standardized. It was found that 
the injection of a solution of alloxan into the anterior chamber results 
in a marked swelling of the cornea accompanied by opacification of 
the stroma, which is followed, at approximately the sixth day, by a 
profuse ingrowth of blood vessels from the entire limbus. Prelim- 
inary experiments were carried out to discover the minimal dose of 
alloxan required to produce this effect and this quantity was used 
throughout the experiments. 


METHODS 


Experiments. were carried out on adult rabbits weighing approximately 2.5 kg. 
The thickness of the corneae was measured by means of the optical device descri 
by Maurice and Giardini (1951). Pure alloxan monohydrate was dissolved in distilled 
water, neutralized, and made up to an isotonic concentration (0.31 M.) immediately 
before administration. The cortisone used was the 11-dehydro-17-hydroxy cortico- 
sterone acetate (Cortone) of Merck and Co. 


TECHNIQUE OF INDUCTION OF VASCULARIZATION BY ALLOXAN.—Measurement of the 
thickness of the corneae of all rabbits was made before beginning the experiments. 
Rabbits were rejected if there was a significant difference in the readings from the 
two eyes. Nembutal solution was used as a general anaesthetic. No application of 
a local anaesthetic was made, but if the animal proved to be too lightly anaesthetized, 
ethyl chloride was used to facilitate the injection of the alloxan solution into the 
anterior chamber. In order to avoid damage to the cornea, the injection was made 
through the sclera, the aqueous solution of alloxan being mixed with the aqueous 
humour by rapid movement of the plunger twelve times. In this manner the aqueous 
humour was replaced by a fluid containing a half isotonic concentration of alloxan. 
After the withdrawal of the needle, the anterior surface of the eye was washed with a 
warm isotonic saline solution. All subsequent readings of the thickness of the corneae, 
the — of infiltration, and the extent of vascularization were made on the conscious 
animal. 

EXPERIMENTS.—Two series of ten rabbits were used in the experiment. Five of the 
first series of ten animals were given subconjunctival injections of 7.5 mg. cortisone 
twice weekly. After 24 hrs alloxan was injected into the anterior chamber of all 
ten rabbits. 

In the second series, five of the animals were given daily intramuscular injections 
of 20 mg. cortisone, all ten rabbits again receiving an anterior-chamber injection of 
alloxan 24 hrs after the initial intramuscular cortisone injection. 

All the animals were thereafter examined daily, when the degree of corneal 
opacification and vascularization was noted and the corneal thickness estimated. 

A diagrammatic representation of the appearances of the corneae of both control 
and cortisone-treated animals on these days is given in Figs 1 to 4. 

Graphs showing the relative changes in corneal opacity, density, and extent of 
vascularization (Figs 5, 6, and 7) illustrate the findings recorded in Tables I, II, and III. 

Photographs were taken of all the affected corneae, on the 7th, 11th, and 17th days 
of the experiments. Figs 8, 9, and 10 show examples of the results obtained. 


RESULTS 
For simplicity the results will be considered under four main 
headings: 


(1) Opacity of Cornea.—The degree of opacity of the cornea is recorded 
in Table I and illustrated in Figs 1 to 5. 
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Statistically, the degree of opacity of the cornea produced by the 
introduction of alloxan’ into the anterior chamber is much decreased in 
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Figs 1 to 4.—Changes occurring after the injection of alloxan into the 


anterior chamber. 


The greater circle represents the whole cornea. The extent of the ingrowth of blood 
vessels is shown by the size and width of the shaded ring. Density of vascularization is 


denoted by the tones of pale grey, grey, and bl 
moderate, and dense ingrowth of blood vessels. 


AC! 


k, which represent respectively the sparse, 


Three grades of opacity, i.e., slight, moderate, and dense, are shown by thin, medium, 
and thick continuous or discontinuous vertical lines. Where opacity is uniform over 
the whole cornea the vertical lines are continuous, where it is patchy the fines are broken. 


The increase in thickness of the cornea is given by the 


ight of the rectangular block, 


the thickness of the control cornea being given the value of unity in each case. 


(One animal in each series died before vascularization began.) 
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TABLE I 
OPACITY OF CORNEA 

















Systemic 4-75+1-24 (4) | 4-75+1-24 (4) | 3-5 +1-88 (2) 


Day of Experiment 
Series 
a ee, 
oxeaaube ++ | 5°57£0-31 (2) | 5:0 40°57 (7) | 4:29 +0-84(7) 
Cortisone ovacecscnsir eral Bebe creeds | 2-25 40-75 (4) | 0-875 40-42 (4) 
| 











Results are expressed on an arbitrary range 0-6, where 0 represents the clear normal cornea and 6 the 
maximal degree of opacity observ: 
. All experimental results are expressed as the arithmetic mean and standard error, Number of experi- 


ments is expressed in brackets. 
the group of animals receiving subconjunctival cortisone, whereas there 
is little difference between that shown by the animals treated systemically 
and the controls. 

In all three groups there is a gradual clearing of the corneal opacity 
occurring after the 7th day, but there 
is no significant difference .in the 
relative rate of the decrease between 
the three groups of animals. 


(2) Density of Vascularization.— lt 
is apparent that the density of 
vascularization is much reduced in the 
animals treated with subconjunctival 
cortisone, but there is no significant 
difference statistically between that ee r ow 
of the control group and_ that Fic. 5.—Opacity of cornea. 
shown by the group of animals given 

systemic cortisone until after the 1ith day, when a significant reduction 
in density in the cortisone-treated animals becomes apparent (Table Il; 


Figs | to 4, and 6). 


OPACITY PERCENTAGE OF agAxiMune 








TABLE ll 
DENSITY OF VASCULARIZATION 
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Systemic ... 


Day of Experiment 
Series \ 
7 11 | 17 
Controls ... | 2:6440°18 (7) | 2-5740-17 (7) ] 2-1440-26 (7) 
Subconjunctival 1:0 40-45 (5) | 1°40-0-25 (5) | 1-0 +0-0 (5) 
Cortisone 


| 1-38+0-72 (4) 1-88+0-49 (4) | 1-0 +0-0 (2) 








Results are expressed on an arbitrary range 0-3, where 0 represents the clear normal cornea and 3 the 
maximal degree of vascularization observed. $ 
All experimental results are expressed as the arithmetic mean and standard error. Number of experi- 


ments is expressed in brackets. 
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Fic. 6.—Density of vascularization. Fic. 7.—Extent of vascularization. 


(3) Extent of Vascularization—A marked decrease is shown by both 
groups of cortisone-treated animals throughout the experiment as 
compared with the control group, although in the case of the systemically 
treated animals this reduction was not evident in the very early stages of 


vascularization. It is noteworthy, however, that corneal vascularization 
was by no means entirely inhibited in either cortisone series (Table IIT; 


Figs 1 to 4, and 7). 
(4) Cornea) Thickness.—After the introduction of alloxan into the anterior 
chamber, the thickness of the cornea rose rapidly in all series. Values 


TABLE{ III 
EXTENT OF VASCULARIZATION] (IN MM. FROM LIMBUS) 





Day of Experiment 
Series 





Py ee een 











Controls ... : | 2-0 40°25 % | 3-1 40-13 (7) | 4-94..0-32 (7) 
| Subconjunetival [0-8 40-2 (5) | 1-3 40-33 (5) | 1-7 40-49 (5) 

Cortisone 
[ Systemic... {0 0 40°58 (3) 1°67+0°33 (3) 1°6741°5 (2) 





All experimental results are expressed as the arithmetic mean and standard error. Number of experi- 
ments is expressed in brackets. 
TABLE IV 


THICKNESS OF CORNEA 





| 

















eis Day of Experiment 
ce. eg foe ting aber 
Controls {1-0 si saneae aaa eer (9) 
Contisone | Pest 0-992 (5) | 1-84 (5) | 1:77 (5) | 1-70 (5) | [-6 (5) | ! 29 (5) 
Systemic (0: 992 (5) [2 36 (9) | 2°51 | os 2: 30) 1-67 (2) 





Results are expressed as the arithmetic mean of the sum of the individual ratios of the thickness o' 
experimental ps es to that of the control (i.e., Experimental/Control). Number of results is caprened 


Al) experimental results are expressed as the arithmetic mean and standard error. Number of experi- 
ments is expressed in brackets. 
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reached a maximum about the third day and then slowly began to 
fall. Corneae of animals treated with cortisone systemically showed no 
significant difference in thickness from those of the contro) series, whilst 
corneae of those treated by subconjunctival injection showed a significant 
difference from those of the controls, in that the increase in thickness was 


substantially less (Table IV: Figs | to 4). 





Fic. 8.—Control rabbit No. 141, 17th day. 
Note the marked opacity of the cornea 


and the dense ingrowth of new vessels 
advancing from the limbus on all sides. 


CONCLUSIONS 


The results obtained in these 


experiments (see Figs 8, 9, and 10) 
appear to demonstrate clearly that 


corneal vascularization, although 
not completely inhibited, is 


markedly reduced by the adminis- 
tration of cortisone. The time of 


onset of the inhibitory action 
varies, however, between those 
receiving subconjunctival injec- 
tions and the systemically-treated 
group: a significant difference in 
the extent of vascularization in 
the systemically-treated animals 
was not obtained until after the 


7th day, and that in density of 
vascularization not until after the 


11th day of the experiment. In 





Fic. 9.—Systemic cortisone rabbit No. 126, 


17th day. Note that the corneal opacity is 


less marked than in thecontrol animal (Fig. 
8), and that the corneal vascularization, 


although equally advanced, is less Gense. 





Fic. 10—Subconjunctival cortisone 


rabbit No. 231, 17th day, The corneal 


opacity is even less marked than in Fig. 9, 
and the corneal vascularization is patchy 
and sparse as compared with that in the 
control animal (Fig. 8). 
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the animals given subconjunctival injections, on the other hand, 
the depression of vascularization both in density and extent was 
uniform throughout the experiment. 

Systemic cortisone in these experiments appears to have had little 
or no significant inhibitory effect on the development of the corneal 
opacity, but when cortisone was given by the subconjunctival route 
a marked diminution of the corneal haze resulted. As was to be 
expected, the observations in corneal opacity were paralleled by 
those in corneal thickness; there was no significant difference 
between the thickness of the cornea in the control group and in the 
group treated with systemic cortisone, whereas those animals 
receiving subconjunctival cortisone showed a marked reduction in 
corneal thickness. 


SUMMARY 


(1) The effect of systemic and subconjunctival injections of 
cortisone on the vascularization, opacification, and swelling of the 
cornea induced by the intracameral injection of alloxan has been 
investigated in two series of ten rabbits. 

(2) It has been shown that moderate doses of cortisone can markedly 
reduce, though not completely inhibit, corneal vascularization in 
the rabbit, and that this result is achieved more efficiently by sub- 
conjunctival than by systemic injection. Furthermore, a significant 
diminution in opacity and corneal swelling was obtained only when 
the cortisone was injected subconjunctivally. 


We are indebted to the Medical Illustration Department, Institute of Ophthalmology, 
for the photographs and drawings. Our thanks are due to Miss E. FitzGerald and 
Mr. R. Dunbar for clerical and technical assistance. 

The cortisone used in this investigation was supplied by the Medical Research 
Council and was in part derived from a gift from Merck and Co. made jointly to the 
Medical Research Council and the Nuffield Trust. 
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EFFECT OF CORTISONE UPON 
THE VASCULARIZATION WHICH FOLLOWS 
CORNEAL BURNS 
I. HEAT BURNS 
BY 
A. LISTER AND D. P. GREAVES 


From the Institute of Ophthalmology, London 


THE purpose of this investigation was to ascertain, primarily from the 
clinical point of view, whether the vascularization and scarring 
which follow ocular burns can be inhibited by cortisone, and, if so, 
whether the use of this drug for this purpose is justified in clinical 
practice. The experiments reported apply to burns caused by heat; 
it is proposed to carry out a further series on burns caused by - 
chemicals. Similar investigations were carried out by Jones and 
Meyer (1950), who found that cortisone caused an inhibition of 
vascularization after chemical injury to the cornea. 


Method 


It was decided that the most satisfactory means of producing a standard lesion was 
the diathermy current. In order to produce a lesion resembling as nearly as possible 
an accidental burn, a trial was first made of sparking the dried cornea. This, however, 
was found to produce variable results compared with those obtained by contact burns 
using the bipolar current. The animal (rabbit) was anaesthetized with intravenous 
nembutal and pantocaine drops; the shaved inner surface of one ear was applied to 
the passive electrode by a standard weight; to the cornea, which had been previously 
moistened with distilled water, a 1.5-mm. (Weve) surface electrode was applied with 
moderate pressure, 2 mm. from the upper limbal edge, for 12 sec. using a current of 
120 milliamps. It is to be noted that if the burn is placed too far from the limbus in 
the rabbit, vascularization tends not to occur (Campbell and Michaelson, 1949), 


This technique regularly produced an area of coagulation 3 mm. in 
diameter through the whole thickness of the cornea, with a 1.5-mm. 
strip of clear cornea between the upper edge of the lesion and the nearest 
point on the limbus. In all cases, also, pigmentary changes occurred in 
the underlying iris, and an opacity in the underlying part of the lens. 
One eye only was used in each animal. 

Three groups of fifteen rabbits each were treated in this way. The 
groups were subsequently divided as follows: 


Group I. Controls: no treatment. 

Group 2. An injection of 2.5 mg. cortisone was given under the upper bulbar 
conjunctiva on the day of the burn and on alternate days up to the 20th day. 

Group 3. An injection of 10.0 mg. cortisone was given under the dorsal skin, on 
alternate days for the first 4 days and subsequently daily up to the 20th day. (The 
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omission of the injection on the first 2 alternate days was unintentional; this may have 
slightly affected the results, but not the deductions therefrom.) 
Results 


The average normal course of the control lesion, which was 
observed daily by a x10 loupe or slit lamp, showed that, after 
the development of an initial 
oedema and infiltration sur- DAYS: 2 4 6 8 10 [2 4 16 18 2% 


rounding the lesion, superficial = % [9/9 OlOlololololo} 


vessels began to grow from the 
neighbouring limbus at about 3 [olololorclolololo) 
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it had travelled about two- 
thirds across the lesion, and 
the feeding vessels became pro- 
gressively fewer but larger once 
the lesion had been reached. 
The whole reaction became less 
marked when the vessels were 
approximately two-thirds to 
three-quarters across the lesion; 
the progress of vascularization 
became slower, and thereafter 
the vessels gradually faded. 
Figs 1, 2, and 3 illustrate the 
extent to which vascularization Fic. 1.—Chart showing extent and degree 
developed in each animal of each of vascularization in eyes of rabbits in 
: é control series. 
of the three groups. The circle in 
each rectangle represents the lesion, and the arc above it the limbus. 
The extent of the shading indicates the number and size of the 
vessels; no shading implies, except where otherwise stated, that 
there were no vessels or that they were so short and attenuated 
as to be negligible. Figs 4 and 5 are typical photographs repre- 
sentative of the control group and of the group treated by 
subconjunctival injections, on the 6th and 14th day after burning 
respectively. 
It is to be noted that extensive vascularization, which was 
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remarkably constant in degree, occurred in all but two of the controls 
and was absent in ten of each of the cortisone groups: such a result 
is statistically significant*. 

Apart from the extent of the vascularization, it was observed that 
in the majority of all cases a halo of infiltration surrounded the lesion 
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Fic. 2.—Chart showing extent and de- 
gree of vascularization in eyes of rabbits 
treated with subconjunctival cortisone. 
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Fic. 3.—Chart showing extent and 
degree of vascularization in eyes of 
rabbits treated with systemic cortisone. 


up to about the 10th day. This did not appear to be affected by 


cortisone; 


nor did the hormone appear to influence the rate at 


which the lesion became smooth and free from staining with 


fluorescein. 


In a number of cases a groove of varying depth developed 


on the upper half of the lesion, just inside and concentric with its 
upper edge, which impeded to some extent the advance of the vessels. 
In a few cases perforation took place, in which case the animal was 


replaced by another. 


Cortisone did not appear to influence the 





* Such a sequence would occur by chance approximately only twice in a million sequences of fifteen. 
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Fic. 4.—Photograph of representative corneal burns on 6th day. 
(a) Control. (6) After treatment by subconjunctival cortisone. 





a b 
Fig. 5.—Photographs of representative corneal burns on 14th day. 


(a) Control. (6) After treatment with subconjunctival cortisone. (The 
‘* Placido ” reflex is a photographic artifact.) 


formation of this groove. In the group treated systemically, all the 
animals lost weight, and eight died or became so feeble that they had 
to be killed. Blood counts and metabolic tests were not carried out. 


Summary and Conclusions 


It is concluded that cortisone inhibits vascularization after experi- 
mental heat burns to the cornea of the rabbit. While there was no 
marked difference between the results in animals treated by sub- 
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conjunctival injection and those in animals treated by parenteral 
injection, the former method has the advantage of having no 
systemic ill-effects. It would seem probable that the use of cortisone 
in clinical cases of this nature is justified. 


The authors wish to express their thanks to the Medical Illustration Department 
of the Institute of Ophthalmology, London, for their help and co-operation in the 
preparation of the illustrations. 

Part of the expense of this investigation was met from the Alexander Pigott 
Wernher Memorial Trust Fund. 

The cortisone used in this investigation was supplied by the Medical Research Council 
and was in part derived from a gift from Merck and Co. made jointly to the Medical 
Research Council and the Nuffield Trust. 
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EFFECT OF CORTISONE ON THE PERMEABILITY 
OF THE BLOOD-AQUEOUS BARRIER 
TO FLUORESCEIN 


BY 


CHARLES COOK anp R. K. MACDONALD 
From the Institute of Ophthalmology, London 


THE unsatisfactory state of our knowledge regarding the effect of 
cortisone on capillary permeability has been discussed in a previous 
paper (Duke-Elder and Ashton, 1951). It was there noted that 
Leopold and others (1951), injecting fluorescein intravenously in 
rabbits and estimating its concentration in the aqueous humour, 
observed no delay in the appearance of the dye in the anterior 
chambers of cortisone-treated animals in comparison with normal 
controls. From this it may be concluded that cortisone has no 
effect on the permeability of the capillaries in the normal eye, for 
molecules of the size of fluorescein. We have confirmed these 
negative findings by the use of the same method with a slightly 
modified technique. In our experiments an intravenous injection of 
0.05 ml. 10 per cent. fluorescein was given, and cortisone was injected 
both intramuscularly (0.5 ml. of 25 mg./ml. solution) and sub- 
conjunctivally (0.25 ml. of 25 mg./ml. solution). 

We have extended their investigations to explore the effect of 
cortisone on the capillary permeability in human eyes in which 
inflammatory manifestations were present and also in those in 
which it was absent. 


Method 


A series of ten cases, comprising a variety of ocular inflammatory 


conditions, was treated with cortisone. In each case a capillary 
permeability test was done both before and during cortisone therapy, 
and in six cases a further test was carried out after cessation of cortisone 


treatment at periods varying from 2 to 9 weeks. The relative con- 
centrations of fluorescein entering the anterior chamber were estimated 


and recorded on the Amsler-Huber Chart. A fluorescein permeability 
curve for both eyes was thus obtained on each occasion. 


Owing to the physical limitations of the method used, only the 
relative fluorescein concentrations represented in ampéres may be 
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recorded. Comparison of the resulting curves may, therefore, be 
misleading. However, a conversion curve has been calculated 
experimentally, by means of which these readings may be converted 
from ampéres to absolute concentrations of fluorescein (Fig. 1). 


Fic. 1.—Conversion 
curve translating rela- 
tive concentrations 
of fluorescein (as 
amrpeéres) into absolute 
concentrations of 
fluorescein. 


FLUORESCEIN CONCENTRATION IN PARTS PER IOO MILLION ~~ 





Case Histories 


Case 1, R. H., aged 38 years. 


Diagnosis.—Acute choroiditis of right eye of 3 weeks’ duration. 

Condition before Treatment.—The eye was white but a faint aqueous flare and several 
minute keratic precipitates were present. There was a moderate vitreous haze. 
large area of active choroiditis was present nasally to the disk. 

Treatment.—200 mg. cortisone given intramuscularly on the first day, and 100 mg. 
daily thereafter divided into two doses. : 

Course.—The aqueous flare disappeared in 2 days, the vitreous was clear in 9 days, 
and the focus appeared to be inactive in 2 weeks. The lesion has remained quiescent 


since the cessation of cortisone therapy. 


Case 2, R. A., aged 22 years. 

Diagnosis.—Bilateral perivasculitis retinae of six months’ duration. 

Condition before Treatment.—The right eye showed a marked ciliary injection and a 
faint aqueous flare was present. There was a dense vitreous haze which obscured the 
fundus. The left eye was white and the anterior chamber clear but there was a dense 
vitreous haze which obscured the fundus details. 

Treatment.—200 mg. cortisone intramuscularly on the first day. Thereafter 100 mg. 
daily divided into two doses. 

Course.—There was a rapid clearing of the vitreous haze in both eyes and the fundus 
details became visible after seven days. The fundus showed extensive perivascular 


retinal haemorrhages and ‘exudates in addition to retinitis proliferans. There was 
no apparent change in the fundus after cortisone therapy. 
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Case 3, J. C., aged 16 years. ‘ 

Diagnosis.— Acute choroiditis in the right eye of 6 weeks’ duration. 

Condition before Treatment.—The eye was white and the anterior chamber clear. 
A diffuse vitreous haze was present but a small focus of active choroiditis was visible 
above the macula. ; : 

Treatment.—80 mg. cortisone intramuscularly on the first day. Thereafter 50 mg. 
daily divided into two doses. 

Course.—-The vitreous was completely clear and the focus appeared inactive in 
{0 days. 

Case 4, L. K., aged 26 years. — ; 3 

Diagnosis,—Acute choroiditis of right eye of 12 weeks’ duration. 

Condition before Treatment.—The eye was mildly injected and a marked aqueous 
flare was present. There was a dense vitreous haze but a large focus of active 
choroiditis was hazily seen temporal to the disk. 

Treatment.—200 mg. cortisone intramuscularly on the first day. Thereafter 200 mg. 
daily divided into two doses. : 

Course-—The anterior chamber was clear in 7 days and there was a slow but 
progressive clearing of the vitreous haze. After 10 days the focus showed definite 
evidence of subsiding but is not yet inactive; the vitreous haze still persists. 


Case 5, O. S., aged 45 years. 
Diagnosis.—Bilatera\ choroidal dystrophy. : : 
Condition before Treatment.—Both eyes were white, Anterior segments norma). 
Both fundi showed extensive choroidal haemorrhages involving both maculae. 
Treatment.—\00 mg. cortisone intramuscularly daily divided into two doses. 
Course.—There was no apparent response to cortisone, 
Case 6, E. W., aged 27 years. 


Diagnosis.—Bilateral syphilitic interstitial keratitis, 
Left Eye—Interstitial keratitis in 1940, eye now quiet but showing a diffuse residual 
corneal scarring. = a te 
Right Eye.—Active interstitial keratitis began November, 1950, In January, 

1951, a course of subconjunctival cortisone injections was given. There was a 

marked response and the condition became inactive within 4 weeks. After 14 weeks 

a relapse occurred. 

Condition before Treatment.—The right eye was injected. There was a diffuse 
corneal haze, scattered keratic precipitates, and a mild aqueous flare. Vision was 
reduced froii: 6/9 to 6/24. 

Treatment.—\9 mg. subconjunctival cortisone twice weekly. E igihes 

Course.—There was a good response and the keratitis became inactive in 17 days. 

Capillary permeability tests were carried out before, during, and after treatment 
of the relapse. 


Case 7, A. C., aged 51 years. 
Diagnosis.—Recurrent non-specific deep keratitis of the right eye. : 
Condition before Treatment.—The eye was moderately injected and very photophobic. 
A dense corneal infiltrate with a surrounding zone of faint corneal haze was present, 
and there was a faint aqueous flare. ; : 
Treatment.—Subconjunctival injection of 10 mg. cortisone at intervals of 4 days. 
Course.—There was a marked improvement within 4 days and in 11 days the eye 
was white and quiet leaving a residual peripheral scar. 


Case 8, L. W., aged 56 years. 

Diagnosis.—Recurremt bilateral rosacea keratitis of 9 years’ duration. 
RiGuTt Eye 

Condition before Treatment.—The eye was mildly injected and slightly photophobic. 
The cornea showed bilateral scarring with superficial vascularization but there was no 
corneal staining. 

Treatment.-—Cortisone drops instilled hourly. 

Course —The eye was white and quiet in 7 days. 
Lert Eve 

Condition before Treatment.—The eye was mildly injected and very photophobic. 
The cornea showed diffuse corneal scarring with superficial vascularization and a 


sma)) area of corneal staining was present temporally. 
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Treatment—Two injections of 10 mg. cortisone subconjunctivally followed by 


2-hourly cortisone drops. : . ee 
Course.—There was a marked improvement and the eye was white and quiet in 


2 weeks. . ta 
Case 9, J. B., aged 43 years. 


Diagnosis.—Bilateral perivasculitis retinae of 3 years’ duration. 

Condition before Treatment.—Right eye was white and the anterior chamber was 
clear but there was a dense vitreous haze which obscured the fundus, The left eye 
pone oe a dense aqueous flare and heavy vitreous haze was present which obscured the 

‘undus. 


Treatment,—10 mg. cortisone subconjunctivally to both eyes twice weekly, 


Course.—There was a slow but progressive clearing of both eyes. The aqueous flare 
in the left eye disappeared within two weeks and the vision had improved to 6/18 in 


both eyes in 2 months. 
Case 10, D. D., aged 26 years. 
Diagnosis.—Bilateral rosacea keratitis of 3 years’ duration. 


Ricut Eye ? 
Condition before Treatment.—The eye was much injected and very photophobic. 


The cornea showed dense peripheral scarring with superficial vascularization, and a 
large rage area was present at the nasal periphery. The anterior chamber showed 
no ceus or fare, 


Treatment.—10 mg. cortisone subconjunctivally twice weekly. 
Course.—The eye showed a definite symptomatic improvement and became white in 


8 days, but there has so far been no change in the staining area. 


Lert Eve 
Condition before Treatment.—The eye showed mild injection with slight photophobia. 


Dense peripheral scarring with superficial vascularization was present in the cornea 


and there were scattered punctate areas of staining at the lower periphery. The 
anterior chamber showed no cells or flare. 


Treatment.—Cortisone drops given hourly. 
Course.—The eye became white and quiet within 7 days but the punctate areas of 
staining were and are still present. 


Discussion 


The results obtained from the individual capillary permeability 
curves are summarized in the Table (overleaf). The permeability 
curves of Case 7, treated with subconjunctival cortisone, are typical 
examples (Fig. 2a, b,c). Fig. 3a, 6, c shows the same curves with the 
ampére readings converted into absolute readings of fluorescein. 
Further examples are shown in Fig. 4a, 6, c (Case 1, treated with 
systemic cortisone), and in Fig. 5a, b, c (Case 8, right eye treated by 
cortisone drops, left eye by subconjunctival injections and drops). 

It will be observed that in ten of the thirteen eyes showing clinical 
evidence of inflammation the relative concentrations of fluorescein 
in the aqueous were lowered. Of the three eyes showing no change, 
there was a marked delay in the entrance of fluorescein into the 
anterior chamber of one, and the inflammatory manifestations in the 


remaining two were confined to the fundus, the anterior segment 
showing no evidence of involvement. In Case 5, which showed only 
degenerative choroidal changes, there was also no change in capillary 
permeability, It is noteworthy that cortisone therapy influenced the 


capillary permeability in none of the five eyes showing no evidence 
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TABLE 
RESULTS IN TEN CASES 



































































































































| Capillary P Permeability Curve 
} compared with Pre-Treatment Curve 
Case! Eye Diagnosis Treatment | Clinical Course 
Treatment After Treatment 
1 | Ri Acute choroiditis ) Systemic Marked Markedly | Slightly depressed 
) Left | Normal j cortisone | improvement U s 
} lightly elevated 
2 Pl 1 (| Elevated 
|e le : Systemic |__| Slight Slightly _ (| Returned to to ,pre-treat- 
| } i $3 \ limits of ror 
3 ee Acute choroiditis | ) 3 . | Masked 
a | i gone , improvement || a aes 
Normal | Unchanged Unchanged 
4 ion Acute choroiditis | | A \) Slight Sa 
j ng ') improvement 
| ten Normal ( Unchanged Unchanged sa 
er ~ Systemic ix 
5 | Right || Charcidal | a | Unchanged - Unchanged | 
a Active interstitial | Subconjunctival) Marked Sli a Returned to pre-treat- 
keratitis cortisone | improvement ment level within 
| Left | Inactive ifi U d Unch d d a sat gal 
Prd <4 . 
“7 | Right | Non-specific deep | Subconj n 1| Marked Depressed Returned to pre-treat- 
cortisone | improvement 
Left | Normal Untreated Unchanged Unchanged Unchan, onged 
get {| Subconjunctival | M sos __| Dacioecenty | 
|| Rosacea ubconjunctiva! ar! erately : 
| Left | j keratitis \ cortisone and | | improvement| depressed | Slightly elevated 
| | cortisone drops 
9 RM i itrntcainc oe SI Marked Renurned oc 
| Left | Sy. retinae cortisone it jpaguoveiunes ee a eer at gate 
l \ its of error 
“10 | Riehe ) ice (| amee og hl ) Mark a Dep ke 
| Left L keratitis ] Cortisone drops|! "™P 
| 











of inflammatory involvement. It will also be observed that the 
depression of the capillary permeability is independent of the route 
of administration. In six patients, capillary permeability curves were 
recorded after the cessation of cortisone therapy, and ten of the 
twelve eyes showed an increase in the entry of fluorescein above that 
noted during treatment, although the ocular inflammation appeared 
to be clinically quiescent. Of the remaining two eyes which showed 
no change, one had received no treatment and the other had shown 
no evidence of inflammatory involvement before cortisone therapy. 

The results obtained in this series of cases apparently demonstrate 
that cortisone is instrumental in reducing the pathologically raised 
capillary permeability, but we recognize that the reduction might 
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well be secondary to the inhibition of the inflammatory tissue- 
reaction rather than a direct result of the influence of cortisone on the 
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Fic. 2 (c) 
Fic. 2.—Recurrent non-specific deep keratitis of the right eye (Case 7, 
deep keratitis). Capillary permeability curves: (a) before, (6) during, 
(c) 9 weeks after cortisone treatment by subconjunctival injection. 
Continuous line and circle, left eye; broken line and circle, right eye. 
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CONCENTRATION OF FLUORESCEIN IN PARTS PER 100 MILLION 
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TIME IN| MINUTES 


Fic. 3 (c) 


Fic. 3.—Case illustrated in Fig.2. Absolute concentrations of fluorescein: 
(a) before, (6) during, (c) 9 weeks after cortisone treatment by sub- 
conjunctival injection. ’ 

Continuous line and circle, left eye; broken line and circle, right eye. 


capillary wall. The permeability curves recorded in six cases after 
the withdrawal of cortisone show, however, that the capillary 
permeability tends to increase after treatment has been discontinued, 
although in each patient the ocular condition was clinically 
quiescent. This would appear to indicate that the preliminary fall 
in permeability obtained during treatment may be independent of 
the associated inflammatory manifestations. 

The possibility of the persistence of a residual sub-clinical 
inflammatory reaction cannot, however, be completely excluded. 
The existence of this possibility is demonstrated by Case 6, in which 
a relapse occurred after the withdrawal of cortisone, the basic 
inflammatory diathesis having presumably been uninfluenced. 


Conclusions 


The results obtained in these investigations indicate that the 
capillary permeability in the normal human eye is not influenced by 
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Fic. 4.—Case 1 (acute choroiditis, right eye). Fluorescein 
curves: (a) before cortisone treatment, (b) during cortisone 
treatment given systemically: at this stage the permeability 
_was lower than could be recorded on the chart up to 30 
min., (c) 6 weeks after cortisone treatment. Conversion 
readings into absolute concentration between 30 and 60 
minutes shown circled on the right. 
Continuous line and circle, left eye; broken line and circle, right eye. 
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Fic. 5.—Case 8 (bilateral rosacea keratitis). Fluorescein curves: 
(a) before cortisone treatment, (b) during cortisone treatment by 
instillation of drops in right eye and subconjunctival injection in 
left eye, (c) 4 weeks after cortisone treatment. Curves show 
capillary permeability; conversion readings into absolute concen- 
trations between 30 and 60 minutes shown circled on the right. 


Right eye (drops), broken line and circle; left eye (subconjunctival injection), 
continuous line and circle. 
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cortisone. It would appear, however, that cortisone, given either 
locally or systemically, plays an important role in the reduction of the 
increase of capillary permeability associated with inflammation. 

The permeability curves taken after the withdrawal of cortisone 
suggest that the decrease in permeability does not vary directly with 
inflammatory activity. This may be regarded as presumptive 
evidence that cortisone has a direct action on the capillaries, although 
the possibility cannot be excluded that the rapid increase of 
permeability found after cortisone treatment had ceased, and in the 
absence of clinically apparent evidences of inflammation may be due 
to a persistence of the basic factor or factors determining the 
pathological condition. 


We are greatly indebted to Sir Stewart Duke-Elder and Dr. Norman Ashton for 
invaluable advice and guidance in the preparation of this paper, and to the surgeons 
of the Moorfields, Westminster and Central Eye Hospital for permission to treat and 
investigate their patients. 

Part of the expense of this research was defrayed by the Alexander Pigott Wernher 
Memorial Trust Fund. 

The cortisone used in this investigation was supplied by the Medical Research 
Council and was in part derived from a gift from Merck and Co. made jointly to the 
Medical Research Council and the Nuffield Trust. 
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EFFECT OF CORTISONE ON TISSUE CULTURES 


BY 


A. STAFFORD STEEN 
Department of Pathology, Institute of Ophthalmology, London 


NUMEROUS recent reports show that cortisone apparently exerts an 
inhibitory effect, both clinically and in experimental animals, on 
mesenchymal growth; the evidence on its effect upon epithelial cells 
is less conclusive. This work has been reviewed by Duke-Elder and 
Ashton (1951). 

The object of the experiments here reported is to elucidate the 
action of cortisone on growth in tissue cultures and to ascertain 
whether any effect it may have is direct or indirect in its action. 
Little work on this aspect has been published. The effect of cortisone 
upon epidermal cells of the mouse has been studied. by Green and 
Ghadially (1951); they found that cortisone was a powerful inhibitor 
of mitosis in the pre-prophase stage. Cornman (1951) states that 
desoxycorticosterone acetate (DOCA) and cortisone acetate selectively 
damage fibroblasts without in any way affecting epithelial growth. 
These results, however, were obtained by replacing the fluid phase of 
the cultures by a solution of DOCA in saline, an apparently non- 
nutrient medium. Furthermore, he found that if 10 per cent. of 
the saline were replaced by serum no such effect on the tissue cultures 
was seen up to concentrations of 0.03 mg./mi. DOCA or up to 
0.026 mg./ml. cortisone acetate. This suggests that unless the 
conditions are quite artificial, cortisone acetate does not, in fact, 
suppress the growth of the cells. Barber and Delaunay (1951) 
injected guinea-pigs with large doses of cortisone, and found that 
plasma from these animals inhibited the growth of fibroblasts in 
tissue culture. Their experimental results cannot be regarded as 
conclusive, however, for only eleven of twenty specimens of plasma 
showed this effect and the large doses of cortisone produced severe 
constitutiona) disturbances in the animals, some even dying before 
the blood could be taken. Holden and others (1951) studied the 
effect of cortisone on tissue cultures of spleens from mice, guinea-pigs, 
and rabbits. The highest concentrations of cortisone they used 
(which were only 1/100th of the lowest concentration used in our 
experiments) produced moderate or marked inhibition of fibroblastic 
growth, whereas their lower concentrations had no such effect. It 
is obvious that further work on this question is desirable. 
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A. STAFFORD STEEN 


EXPERIMENTS 


im testing the effect of cortisone on tissue cultures the experiments 
were divided into three groups. 


Group 1,—Cortisone was added to the tissue cultures in concentrations comparable 


to that of the therapeutic level generally used in man. The tissue cultures in this 
group contained 0.002 m¢g./ml. to 0.05 mg./ml., i.e. from 2 to 25 times the usual 
therapeutic level). 


Group 2.—In this group very high concentrations of cortisone were used, the tissue 
cultures containing from 0.5 mg.)/m\. to 2 mg./ml., i.e. 500 to 2,000 times the therapeutic 


level. 
Group 3.—Plasma or serum from fowls and patients injected parenterally with 
cortisone was added to the tissue culture. 


The usual hanging-drop tissue culture method was used during most of 
these experiments. Heart muscle, lungs, and intestines from 11- to 
\4-day-old chick embryos were used. Tissue specimens 1 mm. square 
were embedded in a mixture of embryonic extract from })-day-old chick 
embryos and fowl plasma. Cortisone-acetate suspension (Merck), In 
varying concentrations, was added to this mixture. The original 
suspension, which contained 25 mg./ml., was diluted by the addition of 
Gey’s saline solution. In order to prevent separation of the cortisone, 


the suspension was mixed thoroughly immediately before it was added to 
the culture. In control experiments Gey’s solution was used in place of 


. cortisone suspension. 

The drops of plasma, embryonic extract, and cortisone dilution were 
then thoroughly mixed on the coverslip and spread out to form a circular 
disk, into the middie of which a piece of tissue was placed. When 
coagulation had taken place, the coverslip was placed on a depression 
slide, sealed, and incubated at 38° C. 


In most cases the tissues were transplanted three times before being 
used for experiments. The final transplant was grown for 72 hours and 
then divided into four equal parts—two for use in the experiment and two 
for use as controls. Each experiment was performed with 12 to 36 
cultures, and altogether several hundred hanging-drop cultures were 


examined. 


The following media were used in these experiments: | 

(1) Fowi-plasma to which cortisone-acetate suspension was added in varying 
concentrations. The controls were set up with the same fowl-plasma, and the cortisone 
suspension was replaced by Gey’s saline solution. 

(2) Fowl-plasma from a I-year-old hen injected intra-muscularly with cortisone. 
In the first case the hen received 0.25 ml. cortisone acetate (Merck) over 24 hours, and 
3 hours after the last injection it was bled from the wing-vein. In the later series the 
same hen received 1 ml. (25 mg.) cortisone acetate 4-hourly and was bled 3 hours after 
the last injection. 

When bleeding the birds, an addition was made of heparin (5 international units 
per ml. blood), which facilitated the handling of the blood and had no detrimental 


effect on the tissue growth. 


(3) Serum from patients under prolonged treatment with cortisone for rheumatoid 


arthritis. For controls serum from a healthy human was taken. In each case the 
serum was obtained by centrifugalization of the unadulterated clotted blood. 





EEE 
ay 














CORTISONE AND TISSUE CULTURES ‘ 743 
RESULTS 


In the experiments of Group 1, wherein moderate concentrations 


of cortisone were used ( 2 to 25 times the normal therapeutic level), 
No appreciable difference was observed between the growth of the 


tissue cultures containing cortisone and that of the controls. All 
these cultures showed approximately equal numbers of mitotic 


figures after 24 to 48 hours’ growth and reached the maximum size 
usually seen in hanging-drop cultures after 72 hours. 

In one experiment there appeared to be marked delay of growth 
in the cortisone series in the first 24 hours, but during the following 
24 hours’ incubation, growth increased and appeared to reach the 
maximpm size after 72 hours. This delay was not observed in later 
experiments and may have been caused by some coincidental factor. 

In the experiments of Group 2, wherein very large concentrations 
of cortisone were used (500 to 2,000 times that of the usual 
therapeutic level), there was some inhibition of growth which was 
sometimes complete. In the highest concentration, when growth 
did occur the cells appeared prematurely aged; they showed vacuoles 
in the cytoplasm and growth stopped after a period of 12 to 48 hours. 
Nevertheless, a reasonably good growth was seen up to con- 
centrations of 0.5 mg./ml., and occasionally even at 1 and 2 mg./ml., 
as shown in Figs | and 2. Mitotic figures were visible and the 
majority of the cells showed numerous vacuoles in the cytoplasm, an 
unusual feature after only 48 hours’ incubation. It is obvious that 
there is no question of an arrest of mitosis, as occurs, for example, 
in the presence of colchicine, and the fact that mitosis is carried 
through to maturation is shown by the absence of mitotic figures in 
the fully grown 72-hours’ cultures. Figs 3 and 4 show vigorous 
mitosis after 36-48 hours incubation in fibroblastic growth containing 
the high concentration of 0.5 mg./ml. cortisone. Several stages of 
mitosis can be seen. After 72 hours, the growth of the mass of 
fibroblasts in the series with lower cortisone concentrations reached 
maximum size; when, however, the higher concentrations were 
used, the extent of growth was smaller and often rudimentary. 
Cultures of epithelial tissue showed a similar reaction. A 48-hour 
tissue culture of a piece of small intestine from a 14-day-old chick 
embryo embedded in medium containing the very large amount of 
1.5 mg./ml. showed abundant epithelial growth (Figs 5 and 6). 

In the experiments of Group 3, in which the plasma of a fowl 
which had been injected with cortisone, and the serum of patients 
undergoing intensive cortisone treatment were used, no inhibitory 
action on the growth of the tissue cultures was demonstrated. 

An interesting phenomenon, which has already been reported 
elsewhere (Steen, 1951), was observed during the course of these 
experiments. When the stock suspension of cortisone acetate is 
added to the plasma-drop, a turbidity develops and crystals of the 
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Fic. 1.—Fibroblastic 
newgrowth from. chick 
embryo heart after 


48 hours’ incubation. 
Cortisone concentra- 


tion of the medium 0,5 
mg./ml. xX 56. 





Fic. 2.—Fibroblastic 
newgrowth as in Fig. 1, 
but cortisone concen- 
tration 2 mg./ml. (2,000 
times therapeutic level). 
x 56. 
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Fic. 3.—Fibro- 
blasts grown in 
a medium con- 
taining 0.5 mg./ 
ml. cortisone 
acetate. Ina 
single field 
three cells may 
be seen under- 
going mitosis. 
x 530. 


Fic, 4.—Fibro- 
blasts grown in 
a medium con- 
taining 0.5 mg./ 
ml. cortisone 
acetate. After 
48 hours’ in- 
cubation the 
cells are under- 
going mitotic 
division. 

Numerous vac- 
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Fic. 5.—Tissue culture from small intestine of chick embryo grown in 
‘ medium containing 1.5 mg./ml. cortisone, showing large wing-shaped 

out-growth of epithelium. At the upper and lower pole sparse fibroblastic 

growth may be seen. x 48. 
cortisone acetate may be seen, under the microscope, discretely 
suspended in the otherwise clear plasma. If a tissue culture is now 
implanted into this suspension and incubated, the crystals nearest to 
the tissue dissolve after some 5 hours and a clear, crystal-free zone 
gradually develops around the implant (Fig. 7). It is important that 
this phenomenon was found to depend on the presence of glucose; 
if this carbohydrate is exhausted, these changes are arrested, and, if 
glucose is progressively added, the extent of the zone of clearing 
correspondingly increases (Fig. 8). 
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Fic. 6.—High-power view of epithelial newgrowth shown in Fig.5. x 600. 


DISCUSSION 


The experiments described above show that, when tissue culture 


is carried out in the presence of cortisone in concentrations comparable 
to and even 25 times greater than the usual therapeutic levels, no 
suppression of growth nor inhibition of mitotic activity is demon- 
strable, either in the fibroblasts or in the epithelial cells grown from 
chick embryos. Only when the tissue cultures were exposed to 
larger amounts of cortisone far in excess of therapeutic concentration, 
did signs of early exhaustion become evident, so that growth was 
scanty and sometimes completely inhibited. Such an inhibition, 
however, can receive other explanations than the action of cortisone 
per se. -It must be agreed that the conditions of the experiments 
wherein the high concentrations of this hormone were used, were 
grossly abnormal in that the ionic balance of the culture medium 
must have been greatly disturbed, while the reaction between the 
cortisone acetate and the. glucose would presumably result in a 
starvation of the growing cells. Nevertheless, the facts that several 
of the cultures, both fibroblastic and epithelial, showed some growth 
in spite of these adverse factors, and that all cultures exposed to a 
lesser concentration of cortisone were unaffected, can only mean that 
cortisone has little if any direct action on fibroblastic or epithelial 
cells in tissue culture. 

It is difficult to apply these results directly to tissue growth in the 
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intact animal, but the demonstration that the plasma of the fowl 
injected with cortisone, and the serum of the patients under cortisone 
treatment, failed to inhibit tissue-growth, suggests that no inter- 
mediate inhibitor, which in turn acts upon the tissue culture, is 





Fic. 7.—Tissue culture growing in cortisone suspension. After 5 hours 
the crystals nearest to the tissue dissolved and a clear zone developed 
around the growth. Photographed in reflected light. x 15. 








(a) (6) (c) 


Fic. 8.—Three tissue cultures growing in cortisone suspension showing 
the effect of varying concentrations of glucose. (a) contains the normal 
glucose addition in the media, (6) twice this amount, (c) four times this 
amount. The extent of the clearing area is seen to bear a direct 
relationship to the quantity of glucose in the medium. 
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elaborated or released into the blood stream. It is probable, 
therefore, that the undoubted inhibitory action of cortisone upon 
fibroblastic activity, which has been amply confirmed both clinically 
and experimentally (Duke-Elder and Ashton, 1951), must be explained 
by some indirect mechanism acting at the cellular level in the living 
organism. It is possible that the insoluble cortisone acetate 
becomes available for this purpose through the formation of a 
soluble compound formed by combination with glucose. 


SUMMARY 


Tissue culture experiments were carried out on fibroblastic and 
epithelial growth from chick embryos to test the effect of cortisone 
acetate. 

It was found that cortisone had no inhibitory effect upon tissue 
culture in concentrations comparable to and even 25 times greater 
than the usual therapeutic levels. There appeared to be no dis- 
turbance in the normal process of mitosis. 

Growth was, however, inhibited by doses far in excess of 
therapeutic concentration, but this effect may be explained by the 
operation of other factors. 

In the course of the experiments, it was found that, in the presence 
of living cells, cortisone-acetate crystals undergo a chemical change 
by combining with glucose to form a new and soluble compound 
which may be cortisone-glucoside. 


I wish to thank Sir Stewart Duke-Elder and Dr. Norman Ashton for their 
invaluable assistance in the preparation of this paper. My thanks are also due to 
Dr. F. Dudley Hart for the provision of serum from patients receiving cortisone 
treatment, to Dr. Peter Hansell of the Medical Illustration Department for photographs, 
and to Mr. D. Bedford for technical assistance. 

The cortisone used in these experiments was supplied by the Medical Research 
Council and was in part derived from a gift from Merck and Co. made jointly to the 
Medical Research Council and the Nuffield Trust. 
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NOTES 


AN AMERICAN GESTURE 


THOSE who were at the XVIth International Congress of Ophthalmology 
in London will remember the unusual and delightful gesture of the 
International Council, who, wishing to pay tribute to the part played by 
Great Britain in the evolution of our specialty, declared their intention 
of honouring the memory of the father of British Ophthalmology, 
Sir William Bowman. On Sunday, July 16, 1950, therefore, immediately 
before the Congress, Professor Nordenson, at a religious service conducted 
by the Venerable Archdeacon Lambert, placed a wreath of laurel on the 
memorial plaque to Sir William Bowman at the entrance to the nave of 
St. James’s Church, Piccadilly. Those who were present will long 
remember this moving ceremony in the old church where Bowman used 
to worship 100 years ago, now battered and largely in ruins owing to 
damage by bombs during the recent war. 


As a result of this ceremony a second and equally delightful gesture has 
been made. The American Journal of Ophthalmology, under the stimulus 
of its Editor, Dr. Derrick Vail, F.R.C.S., who participated in the hazards 
. of war—and its compensations—in London, opened a subscription to aid 
the restoration of Bowman’s church. Accordingly, on September 4, 
Sir Stewart Duke-Elder was able to hand to Archdeacon Lambert a 
cheque for £574, a tribute from the ophthalmologists of the U.S.A. to the 
memory of Bowman, towards the reconstruction fund of the church which 
is now in process of renovation. The American Journal has also made 
arrangements for a bronze tablet to be placed beneath Bowman’s memorial 
plaque. 

We in Great Britain, who take pride in the fact that American ophthal- 
mology is, in many respects, a child of our own—albeit grown to immense 


and independent maturity—are deeply moved at this gesture. It is fitting 
that all English-speaking ophthalmologists should thus be united where 


the memory of their prophet is enshrined; and it is good to think that 
although the passions of man may play havoc with the material emblems 


of our mutual heritage, nevertheless the brotherhood of the English- 
speaking world is sufficiently real to continue to make good the destruction 


and, in doing so, to become more firmly united. 


APPOINTMENT 


H.M. THE KinG has appointed Mr. JoHN MarsHALL, M.C., T.D., 


D.O.M.S., of Glasgow, to be Honorary Surgeon-Oculist to His 
Majesty in Scotland. 
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COMMUNICATIONS 


FUNDUS DYSTROPHY WITH UNUSUAL 
FEATURES* 
A HISTOLOGICAL STUDY 


BY 
NORMAN ASHTON anno ARNOLD SORSBY 
London 


IN an earlier communication (Sorsby and Mason, 1949), an account 
was given of a fundus dystrophy observed in five families, which: 


showed onset at about the age of 40, dominant inheritance, and a 
progressive course. ‘The earhest ophthalmoscopical reactions in this 
affection are a central retinal lesion showing oedema, haemorrhage, 
and exudates. Subsequently, there is considerable scarring, with 
exposure or actual sclerosis of the choroidal vessels over a wide area, 
and associated pigmentary proliferation, sometimes massive. The 
end stage, reached after the disease has run its course for about 
30 years, is a more or less uniform, widespread atrophy of the choroid 
with some pigmentation. In the early stages, therefore, the affection 
simulates a toxic, metabolic, or vascular macular reaction; in the 
intermediate stages the lesion spreads peripherally and the evidence 
for choroidal sclerosis may be very marked; and in the end 
stages there is sub-total retinal and choroidal atrophy. The clear-cut 
features of this affection were observed in another family by Burn 
(1950), whose patients were mainly of late middle age and showed 
strikingly the intermediate feature of choroidal sclerosis. 
In discussing the nature of the affection, the questions were raised 
whether this condition is related to ““ Doyne’s choroiditis”’, and 
whether the primary disturbance is choroidal or retinal. The 
opportunity has now presented itself of examining histologically the 


eyes of the two affected members in one of the families recorded. 
Whilst this materia) has its value, it has also the considerable limit- 
ation that in this particular family the evidence for dominant 
inheritance was lacking. The two patients in question were elderly 
sisters, whose father had died at the age of 40+. The family history 
was incomplete, as the two sisters did not know of any relatives, but 
they were certain that both their parents had good sight. Since their 
mother died at the age of 64, it is unlikely that they inherited 
the affection from her, but one cannot exclude the father as poten- 
*Received for publication August 7, 1951. 


+ Not 49 as originally recorded; the exact age has now been ascertained from the death certificate. 
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tially an affected individual. However, in the absence of definite 
evidence that there was in fact dominant inheritance in the case of 


these two sisters, the histological findings cannot be offered un- 
reservedly as illustrative of the group as a whole. 


MATERIAL 


Miss G. C., the younger of the two sisters, died at the age of 70 on August 8, 1950. 
Miss E. C., the elder sister, died at the age of 71 on March 13, 1951. 
‘The post-mortem examinations were carried out by Dr. R. L. Janes, of the Royal 

Sussex County Hospital, Brighton, 
‘Technique of Histological Study.—The two eyes from the first case (Miss G. C.) were 
fixed in Zenker’s fluid, and those from the second case (Miss E. C.) were preserved 
in 10 per cent. formol saline. Serial sections were made from each of the four eyes, 
the following staining techniques being used: 

haematoxylin and eosin, 

haematoxylin and Van Gieson, : 

Mallory’s phosphotungstic haematoxylin, 

Mallory’s triple stain, 

orcein (Duval), 


Verhoeff’s elastic stain and Van Gieson, 
Verhoeff’s elastic stain and Masson’s ponceau-fuchsin and light green, 


Wilder’s silver stain, 
PAS (Hotchkiss-McManus), 
Kossa’s stain for calcium, 


Turnbull blue for iron. 

In the second case an attempt was made to inject the choroidal vessels with Indian ink 
via the posterior ciliary arteries, but, owing to the presence of clotted blood, this 
succeeded with the larger vessels only. From the same case a portion of choroid from 
the posterior fundus was examined flat, unstained, and stained with PAS (Hotchkiss- 
McManus) and with Verhoeff’s elastic stain. 


Histo-PATHOLOGICAL FINDINGS 


(1) Miss G. C. (aged 70 years). 

Right Eye: Horizontal Sections,—The \ens is not present in the section. The cornea 
and corneo-itidic angle are normal. Pingueculae are not present, Mild atrophic 
changes are present in the iris and the ciliary body is hyalinized. Throughout its entire 
extent the choroid is sclerosed and atrophic and shows mild focal lymphocytic 
infiltration. There is a marked loss of the chorio-capillaris which is absent posteriorly 
and atrophic anteriorly; the few remaining vessels show thickening of their walls 
with fibrous tissue replacement of their muscular coats (Fig. 1). Many large colloid 
bodies may be seen on Bruch’s membrane (Fig. 2). 

The main pathological features are confined to the posterior polar region, where 
clean-cut breaks may be seen in Bruch’s membrane (Fig. 3, overleaf); through these gaps 
newly-formed blood vessels and serous fluid have extended from the choroid into the 
sub-retinal region, where they have formed a partially-organized, hyalinized vascular 
mass which blends imperceptibly with the degenerate retina and binds it firmly to the 
choroid. In these areas, the outer layers of the retina have been replaced with glial 
tissue, which merges with the hyaline element from the choroid, so that the inner 
nuclear layer is directly adherent to this sub-retinal proliferation. Bruch’s membrane 
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Fic. 1 (Case 1).—Right 
eye, showing choroidal 
atrophic changes and 
thickening of a vessel 
wall by fibrous tissue 
replacement of its 
muscular coats. 


Mallory stain, 626. 








Fic, 2 (Case 1).—Right eye, showing large colloid bodies on Bruch’s mem- 


brane. Note atrophic changes in choroid. Haematoxylin and eosin. x 360. 


itself is uniformly thickened so that it appears more conspicuous than in a section of a 
normal eye; it stains normally with haematoxylin and eosin and shows no basophilia. 


The pigment cells have exfoliated and migrated into the retina where they have 
aggregated into masses around the vessels in the sub-retinal newly-formed tissue (Fig. 4, 
overleaf). All these changes are most marked in the macular area, An early stage of 
the pathological process is seen at one point where, over a rupture in Bruch’s membrane, 
an intact pigment epithelium is elevated and separated from the membrane by a thin. 
eosinophilic amorphous layer. 








NORMAN ASHTON AND ARNOLD SORSBY 


Fic. 3 (Case 1).—Right eye, showing ‘‘ moth-eaten” appearance of 
Bruch’s membrane. To the right there is a wide gap in the membrane 
through which serous fluid has entered from the choroid and elevated the 
pigment epithelium. New vessels from the choroid have grown into 
this hyaline mass. Later stages of this process are shown in Figs 5 and 9. 
Haematoxylin and eosin. 427. 


Fic. 4 (Case 1).—Right 
eye, showing mass of 
proliferating pigment 
in sub-retinal newly- 
formed tissue. Cuti- 
cular substance, stain- 
ing positively with PAS, 
is associated with the 
pigment cells. PAS. 
x 369. 
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There is a severe loss of ganglion cells, although many persist at the macula, 
Anteriorly, the retina shows little pathological change, there being only peripheral 
cystic degeneration and post-mortem disintegration of the rods and cones. The optic 
nerve appears normal, there is no abnormality of the sclera, and the posterior ciliary 
arteries appear normal. 

Left Eye: Horizontal Sections.—These present an exactly similar histological picture 
except that the migration and aggregation of pigment are more marked and the 
destruction of the outer layers of the retina is more extensive. 


(2) Miss E. C. (aged 71 years). 

Left Eye: Horizontal Sections—The cornea, corneo-iridic angle, and lens are 
normal, Pingueculae are not present. The iris stroma shows mild atrophic changes 
and the ciliary body shows early atrophy and hyalinization. Throughout its entire 
extent the choroid is atrophic and shows ‘a mild focal lymphocytic infiltration; there 
is a marked diminution in the vascular element, and the remaining vessels show a 
moderate fibrous thickening of their walls without any. apparent occlusion of the 
vessel lumen. While the paucity of vessels is most marked in the posterior fundus, 
the mural fibrous thickening is more evident anteriorly. Bruch’s membrane is 
uniformly thickened throughout (Fig. 5), and, in the posterior polar region, it shows 


Fic. 5 (Case 2).—Right 
eye, showing choroidal 
atrophy, thickening of 
Bruch’s membrane, and 
sub-retinal fibro-vascu- 
lar tissue with aggre- 
gated pigment, which 
fuses with the gliosed 
and disorganized retina. 
Haematoxylin and 
eosin. X111. 





numerous clean-cut breaks (Figs 6, 7, and 8) through which newly-formed vessels 
from the choroid, fibroblasts, histiocytes, and hyaline eosinophilic material, have 
extended to form a partially-organized, sub-retinal plaque of tissue which firmly binds 
the degenerate retina to the choroid. The retinal pigment has migrated into this mass 
where it may be seen clustered around the newly-formed vessels (Figs 5 and 9). Some 
of the eosinophilic hyaline material stains intensely with the PAS stain, and this 
suggests that it may be cuticular substance elaborated by the pigment epithelium. 
In the circumpapillary and macular regions, the ganglion cells have atrophied, and the 
outer nuclear layer of rods and cones have completely disappeared and have been 
replaced with glial tissue. These zones of choroido-retinal fusion are seen on either 
side of the disk but the sub-retinal new-formed tissue is most marked in the macular 
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Fic. 6 (Case 2).—Left 
eye, showing vessels 
growing into the sub- 
epithelial tissue, through 
a wide gap in Bruch’s 
membrane. The outer 
layers of the overlying 
retina are completely 
degenerate. Masson 
stain. x198 


Fic. 7 (Case 2).—Left 
eye. High-power view 
of clean-cut break in 
the thickened Bruch’s 
membrane. Note the 
newly-formed _ tissue 
beneath the pigment 
epithelium, containing 
vessels from the 
choroid. Masson stain. 
x 360. 





area. No colloid bodies are seen on Bruch’s membrane. Anteriorly the retina shows 
only post-mortem degeneration of the rods and cones and peripheral cystic degeneration. 
The optic nerve and sclera show no abnormality; the posterior ciliary arteries appear 
normal. 

Right Eye: Flat Preparations of the choroid, bleached with potassium permanganate 
followed by oxalic acid and stained with PAS (Hotchkiss-McManus), clearly showed the 
irregular craggy splits in Bruch’s membrane; they were not related to the underlying 
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Fic. 8 (Case 2).—Left 
eye, showing two clean- 
cut breaks in Bruch’s 
membrane with forma- 
tion of vascularized 
tissue beneath detached 
pigment epithelium. 
Note also the loss of the 
layer of rods and cones 
and the outer nuclear 
layer. Early gliosis is 
seen in the remaining 
retinal tissue. Haemia- 
toxylin and eosin. x 240 


oe 


Fic. 9 (Case 2).—Left 
eye, showing wide gaps 
in Bruch’s membrane. 
Into the v. i 
sub-retinal tissue, origi- 
nating from the choroid, 
the pigment epithelium 
has migrated and 
become aggregated 
around the vessels. 
The overlying retina is 
disorganized and 
gliosed. This is a later 
stage than Figs 3 and 8. 
Haematoxylin and 
eosin. x 180. 


vessels and in many cases ran across the vessels (Fig. 10). Flat preparations of the 
bleached choroid, stained with Verhoeff’s elastic stain and examined flat with trans- 
illumination, also showed the irregular and branching nature of the ruptures in Bruch’s 


membrane. 
SUMMARY OF FINDINGS 


The histological picture in all four eyes was thus almost identical, and 
there can be no doubt that the fundus dystrophy in the two sisters arose 
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Fic. 10 (Case 2).-—Right 
eye. Flat preparation of 
bleached choroid show- 
ing linear rupture of 
Bruch’s membrane. 
PAS (McManus). x 360 





from an identical pathological process. The main pathological changes, 
which will subsequently be discussed separately, may be summarized as 
follows: 

(1) Sclerosis and atrophy of choroid with fibrous mural degeneration of remaining 
vessels (Fig. 1). 

(2) Numerous ruptures of Bruch’s membrane in posterior fundus with degeneration 
of elastic layer in the same area (Figs 3, 6, 7, 8, and 9). 

(3) Sub-retinal newly-formed vascular tissue originating from the choroid, and 
related to the dehiscences in Bruch’s membrane (Figs 3, 6, 7, 8, and 9). 

(4) Disturbance of pigmentary epithelium (Figs 4 and 5). 

(5) Destruction of outer layers of retina with glial replacement (Figs 5, 8,-and 9). 


CHOROIDAL CHANGES.—As already noted, the atrophy of the choroid has 
affected the vascular element most markedly, there being a great reduction 
in the number of vessels and widespread atrophy of the chorio-capillaris. 
The inter-vascular stroma is moderately sclerosed, and the remaining 
vessels show fibrous thickening of their walls: a change most marked 
anteriorly. The vessels are surprisingly free from arteriolosclerosis and 
their lumens are not reduced in calibre. The posterior ciliary arteries 
appeared normal in all sections. 

In attempting to understand the pathogenesis of the fundus dystrophy 
it is important to assess the significance of these vascular changes. It 
should, therefore, be emphasized that the diminution of the number of 
vessels in the choroid was not greater than is commonly seen in the eyes 
of old people showing no associated changes in Bruch’s membrane and 
no sub-retinal newly-formed tissue. It is to be noted, furthermore, that the 
fibrous mural degeneration was exactly comparable with that described 
by Cohen (1938) in focal choroidal sclerosis in a patient suffering from 
Paget’s disease of bone; but he did not record any secondary changes in 
Bruch’s membrane, as might have been expected in such a case, and, apart 
from depigmentation of the pigment epithelium, there were no retinal or 
sub-retina) changes. In our cases, the fibrous mural degeneration was 
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most marked anteriorly where Bruch’s membrane and the retina showed 
no gross pathological changes, and we have frequently seen this type of 
vascular degeneration as a completely uncomplicated change in a number 
of eyes during the course of routine histological examination. 

Though that possibility cannot be definitely excluded, it is unlikely that 
the fundus dystrophy in these two cases is the result of atrophy or sclerosis 
of the choroidal vessels. The choroidal vessels, stained with orcein and 
Verhoeff’s elastic tissue stain, showed a marked reduction in elastic tissue; 
however, a control series of eyes showed variable staining of the vascular 
elastic tissue and caution must therefore be exercised in interpreting these 
changes as indicative of a generalized degeneration of elastic tissue. 


INVOLVEMENT OF BRUCH’S MEMBRANE.—In all four eyes, Bruch’s 
membrane was moderately and uniformly thickened so that it could be 
readily seen and easily studied (Fig. 5). There were numerous breaks in 
the posterior polar region and they were usually clean cut (as shown in 
Figs 7 and 8), but occasionally the free ends tapered to a point consisting 
of the cuticular layer, and in some areas, where rupture had not yet 
occurred, the membrane showed a “ moth-eaten”’ appearance of its 
outer layer (Figs 3 and 9); these points suggest that the degeneration 
begins in the elastic lamina. Sections stained for elastic tissue (orcein) 
showed a granular degeneration and a patchy disappearance of the elastic 
layer in the posterior polar region; anteriorly the elastic tissue in the 
membrane stained normally. The fact that colloid bodies ‘were found in 
one case only indicates that they are simply further evidence of degeneration 
in Bruch’s membrane and not an essential part of the pathological process. 
In view of the studies by Hagedoorn (1939), Klien (1947), and Verhoeff 
(1948), it should be noted that there was no basophilia of Bruch’s 
membrane which was eosinophilic; Kossa’s stain for calcium and the 
Turnbull blue reaction for iron were both negative. 


RETINAL AND SuB-RETINAL CHANGES.—A striking feature of the histo- 
logical picture is the presence of sub-retinal newly-formed tissue in the 
circumpapillary and sub-macular regions. All stages in its formation can 
be seen in the sections, and it would appear that the process begins at the 
ruptures in Bruch’s membrane. Through the resulting gaps serous fluid 
passes, seeps under the pigment epithelium, and leads to its detachment 
(Figs 3 and 8). At this stage the pigment epithelium appears normal. 
Wandering histiocytes and fibroblasts migrate from the choroid, and 
proceed to form connective tissue (collagen) in the sub-epithelial coagulated 
transudate, and new vessels from the choroid grow through the dehiscences 
in Bruch’s membrane to supply the organizing tissue (Figs 6 and 7). 
As the disease progresses, the pigment epithelium becomes disorganized 
and migrates into the retinal and sub-retinal tissue, where it aggregates 
around the vessels (Figs 5 and 9), to form masses of cuticular hyaline 
tissue which stains intensely with PAS (Hotchkiss-McManus), as seen in 
Fig. 4. Thus, the sub-retinal tissue consists of four elements: 

(i) serous transudate from the choroid, 

(ii) fibrous tissue from the choroid, 


(iii) glial tissue from the retina, 
(iv) cuticular substance from the pigment epithelium. 




















760 NORMAN ASHTON AND ARNOLD SORSBY 


An exactly similar structure was reported by Klien (1947) in a study of 
two eyes with angioid streaks. aa 

The outer layers of the retina, replaced by glial tissue, merge with the 
sub-retinal fibrous tissue from the choroid, but the two types of tissue are 
clearly differentiated with Mallory’s phosphotungstic haematoxylin stain. 

The surviving retinal tissue consists of a nerve fibre layer, a reduced 
ganglion cell layer, the inner plexiform layer, and a partially disorganized 
inner nuclear layer which rests directly on the sub-retinal glial and fibrous 
tissue. Anteriorly, where Bruch’s membrane is intact, the retina shows 
no gross abnormality and there are only very mild sclerotic changes in 


the retinal vessels, 
DISCUSSION 


As pointed out by Sorsby and others (1949), the clinical course of 
this fundus dystrophy would suggest that the lesion is primarily 
choroidal, and,if Bruch’s membrane is regarded as part of the choroid, 
the supposition is borne out by the pathological findings in this 
sibship. The present study, dealing with material in the final stages 
of the dystrophy in only two cases, does not allow us with certainty 
to localize the fault more particularly. Nevertheless, the pathological 
picture so closely resembles the microscopical changes of angioid 
streaks and disciform degeneration of the macula that it is justifiable 


to compare the three conditions. 


ANGIOID STREAKS.—It must first be emphasized that the term “ angioid 
streaks ” refers only to the ophthalmoscopical appearance of lines or 
streaks in the fundus of the eye, and that, although it has been established 
by thorough histological studies (Bock, 1938; Hagedoorn, 1939; Klien, 
1947; Vethocff, 1948) that the streaks are determined, in some cases, and 
probably in the majority, by breaks in Bruch’s membrane, it by no means 
follows that all angioid streaks have such a pathology, or that all breaks 
in Bruch’s membrane must necessarily give rise to the ophthalmoscopical 
appearance of angioid streaks. In this connection it 1s interesting to note 
that Law (1938) found no rupture of Bruch’s membrane in the histological 


study of a case of angioid streaks and held that the appearances were due 
to a plication of the retina. Verhoeff (1948) stated that angioid streaks 
result from ruptures of a basophilic Bruch’s membrane and that it is the 
basophilic condition (calcification) which brightens the contiguous fundus 
and makes conspicuous the exposed chorio-capillaris. Klien (1947) also 
believes that calcification of the lamina is essential to the production of 
angioid streaks. Verhoeff (1948) stated that similar ruptures which 
occasionally occur in senile eyes do not widen into visible streaks, 
presumably because the senile choroid loses its elasticity before Bruch’s 
membrane becomes calcified. The fact, therefore, that despite the 
presence of numerous dehiscences in the posterior part of Bruch’s 
membrane, angioid streaks were not seen ophthalmoscopically in our two 
cases of fundus dystrophy, is not difficult to understand, for there was no 


evidence of calcification in Bruch’s membrane, many of the gaps had not 
widered, and those which had were obscured by new-formed tissue. 
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Behr (1931) drew attention to the role of Bruch’s membrane as a 
regulator of the nutrition of the external layers of the retina, and held 


that any alteration of this membrane would, therefore, produce severe 
consequences in the’retina and especially in its most delicate part, the 
macula: but it is known that many cases of angioid streaks remain 
stationary indefinitely. According to Scholz (1941), of all the cases in the 
literature observed for over one year, 33 per cent. showed an increase in 
the number of streaks, 56 per cent. remained unchanged, and in 10 per 
cent. the streaks decreased in number, Hagedoorn (1939) pointed out 
that the choroid shows no reaction to a great number of the tears which 
occur in angioid streaks, and remarked upon the inactivity of the choroid 
in producing scar tissue. He concluded that disease of Bruch’s membrane 
alone does not suffice to explain the appearance of newly-formed tissue, 
and it is possible that a haemorrhage (Verhoeff, 1928) or an exudate 
(Behr, 1931; - Rintelen, 1936) may present the additional stimulus 
necessary for its formation. 

_._ The histological picture in these two cases of fundus dystrophy is almost 
identical with that described by Hagedoorn (1939) in his case of angioid 
streaks (female, aged 48) with pseudo-xanthoma elasticum, and with that 
described by Klien (1947) in her case of angioid streaks (male, aged 53); 
it differs only in that the breaks in Bruch’s membrane were seen clinically 
as angioid streaks and were associated with a basophilic degeneration of 
the lamina. The case of angioid streaks (male, aged 44) described by 
Bock (1938) also showed many similarities in its histology (see Figs 10 
and 11 in Béck’s article). 

Like the affection studied here, angioid streaks is an hereditary disturb- 
ance, but shows several features that distinguish it sharply from dominant 
fundus dystrophy. It is recessive in behaviour and, though met as an 
isolated ocular anomaly, is frequently associated with pseudo-xanthoma 
elasticum of the skin constituting the Grénblad syndrome, and sometimes 
also—as the term clastosis dystrophia suggests—with vascular hyper- 


tension due to a widespread systemic disease of the elastic tissues including 
those of the arteries. Whilst the age at which angioid streaks first appear 


is not known, the more serious complications, such as massive haemor- 
rhages and exudates, do not generally set in till middie life—and in this 
particular respect it is similar to fundus dystrophy. 

DISCIFORM DEGENERATION IN THE MACULA.—As the result of numerous 
histologica! examinations of this condition it is now generally agreed that 
the underlying basis of the disease is the pathological change in Bruch’s 
membrane which leads to its rupture. Although theoretically an actual 
break is not regarded as essential by either Behr (1931) or Brown (1940), 
it is necessary to cut serial sections before breaks can be excluded, and in 
the absence of such a negative examination it would appear more probable 
that a break or hole of some kind is pre-requisite to the formation of 
sub-retinal tissue of choroidal origin. Both Behr (1931) and Sandoz 
(1939) have demonstrated degeneration in the elastic layer of Bruch’s 
membrane in the area of newly-formed tissue, and dehiscences have been 
demonstrated by Vogt (1935), Verhoeff and Grossman (1937), and Brown 
(1940). Wé6lfflin (1926) considers that exudate from the choroid passes 


through holes in Bruch’s membrane to reach the sub-retinal area. 
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The primary process then is a change in the elastic layer of 3ruch’s 
membrane, leading to ruptures through which transudate exudes from the 
chorio-capillaris, or through which, according to Verhoeff and Grossman 
(1937), a haemorrhage occurs, and the plasma or blood forms the medium 


in which fibroblasts and capillaries from the choroid proliferate. Ruptures 


in Bruch’s membrane are, therefore, common to both angioid streaks and 
disciform degeneration. 


FUNDUS DysTROPHY.—It will thus be seen that the three conditions of 
angioid streaks, disciform degeneration, and this fundus dystrophy, have 
striking similarities, and that the most important common factor is the 
degeneration and rupture of Bruch’s membrane followed by the formation 
of sub-retinal tissue. That these changes can occur without vascular 
disease has been emphasized by Hagedoorn (1939); in the case of Klien 
(1947) the chorio-capillaris was intact in the region of the break, and 
Hagedoorn (1939) has also pointed out that, though vascular changes in 
the choroid may be sufficiently severe to lead to retinal atrophy, yet 
newly-formed sub-retina) tissue does not develop. lt is important to 
remember, however, that in a case of disciform degeneration (Brown, 940), 
there was extensive sclerosis of the choroidal vessels which was more 
marked behind the lesion than elsewhere, and that Verhoeff and Grossman 
(1937), who carefully examined three cases of disciform degeneration and 
surveyed the literature referring to [29 eyes, came to the conclusion that 
the condition was primarily due to some disturbance in the chorio- 
capillaris: they considered that a localized angio-sclerosis was probably 
the cause, since the disorder was usually a senile disease. Andersen 
(1950) holds the view that the exudative process which leads to macular 
changes is most likely to be found in the pathological changes of the 
elastic membrane of the choroidal blood vessels. On the other hand, if 
the elastic tissue of Bruch’s membrane degenerates with advancing years, 
either primarily or as a result of calcification in the membrane, it is not 
surprising that breaks with a newly-formed sub-retinal tissue should 
CO-exist with choroidal vascular sclerosis as separate phenomena of the 
ageing process, without any direct causal relationship. Diaz Dominguez 
and Argués Gironés (1950) regard the lesions of Bruch’s membrane as an 
expression of a generalized degeneration of elastic tissue, as a manifestation 
either of senility or of pseudo-xanthoma elasticum. _ 

With regard to the role of the choroidal sclerosis in our cases of fundus 
dystrophy, we have already advanced reasons for supposing that it was 
not the primary cause but an associated change. It would appear that 
the fundamental pathology is rather to be sought in a primary degenerative 
change in the elastic lamina of Bruch’s membrane, with the secondary 
organization of a sub-retinal haemorrhage from the chorio-capillaris, 
originating possibly in a capillary herniation through a rupture (Brown, 
1940), or with the organization of a sub-retinal transudate. Haemorrhages 
and exudates may in fact be seen in the early stages of the fundus dystrophy 
and Krummel (1950) has advanced the view that sudden ruptures of 
Bruch’s membrane lead to sub-retinal haemorrhages and exudates. 
Gifford and Cushman (1940) have given added evidence that the primary 


change is in the lamina vitrea rather than in the vascular system. 
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Nevertheless, the physico-chemical changes which lead to degeneration 
of the elastic tissue of Bruch’s membrane are not understood (Pautrier, 
1948), and it must be admitted that the possibility remains that such a 
degeneration may result from vascular sclerosis in some instances and 
that this fundus dystrophy may be an example of such a process. The 
final decision whether the primary fault lies in the choroidal vessels or in 


Bruch’s membrane must await the histological study of the earlier stages 


of the disease. 


RELATIONSHIP TO “* DoyNeE’s CHOROIDITIS ”.—The possibility that fundus 
dystrophy is the same condition as that described by Doyne and known 
as Doyne’s choroiditis has been discussed on clinical grounds elsewhere 
(Sorsby and Mason, 1949). The one histological report on Doyne’s 
choroiditis. (Collins, 1913), recorded the presence of a newly-formed 
hyaline substance, like Drusen, but longer, between the retina and choroid; 
where the hyaline substance was present, Bruch’s membrane could not 
be made out satisfactorily. It is not clear from this report whether the 
changes observed were similar to those recorded here. 


THEORETICAL CoNSIDERATIONS.—If fundus dystrophy is indeed an affection 
induced by disturbances in Bruch’s membrane, it links up pathologically 
with angioid streaks and disciform degeneration of the macula, though 
each of these affections is clinically distinct. A common anatomical basis 
for diverse clinical entities is of course not unknown in pathology, as is 
shown by the diverse clinical forms of vascular retinopathy, of lipoidosis, 
or of the blood dyscrasias. It is conceivable that the feature which 
distinguishes one clinical entity from another is determined by the type of 
pathologica) changes rather than by the tissue in which these changes 
occur. Be this as it may, there is nothing inherently improbable in the 
theory that angioid streaks, disciform degeneration of the macula and 
fundus dystrophy may have a common anatomical basis, and that there 
should be a different genetic basis for at least two, and possibly for all 
the three, of these affections. 

One puzzling feature in fundus dystrophy is the marked appearance of 
choroidal sclerosis clinically as against the relative paucity of changes in 
these vessels histologically. The question arises whether choroidal vessels 
showing ophthalmoscopically as white streaks are indeed; obliterated 
vessels or merely vessels whose outlines are patterned by an overlying 
sub-retinal white exudate. If the latter view is correct, then ‘the whitish 
fundus reflex frequently seen between sclerosed choroidal vessels is due 
not to exposed sclera but to organized sub-retinal exudate showing 
through the translucent retina. Such a view—hypothetical at present— 
would harmonize the apparently contradictory ophthalmoscopical and 


histological changes observed in this—and possibly in other—affections. 


SUMMARY 


Four eyes from two sisters affected with fundus dystrophy described 
by Sorsby and Mason (1949) and Burn (1950) were removed post 
mortem and examined histologically. The findings are reported in 
detail. The main features noted were thése: 
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(1) Sclerosis and atrophy of the choroid with fibrous mural degeneration 
of the remaining vessels. 


(2) Numerous ruptures of Bruch’s membrane in the posterior fundus 
with degeneration of the elastic layer in the same area. 


(3) Sub-retinal newly-formed vascular tissue, originating from the 
choroid and related to the dehiscences in Bruch’s membrane. 


(4) Disturbance of the pigmentary epithelium. 
(5) Destruction of the outer layers of the retina with glial replacement. 


Reasons are given for regarding these changes as analogous to 
those reported in angioid streaks and disciform degeneration of the 
macula, and it is pointed out that the fundamental change common 
to the three conditions is the rupture of Bruch’s membrane. 

The role of choroidal sclerosis in the production of the degeneration 
in the lamina vitrea is discussed, and it is concluded that, in the 
absence of a knowledge of the histological changes in the early 
stages of the fundus dystrophy, the evidence is in favour of regarding 
the vascular degeneration as an associated phenomenon rather than 
as a causative factor. 

It is tentatively. suggested that the fundus dystrophy results 
primarily from genetically determined dehiscences in Bruch’s 
membrane; this theory links this affection pathologically with 
angioid streaks and disciform degeneration of the macula. 


We are indebted to Mrs. Helena Simpson, Matron of Armitage House, Worthing, 
and to Dr. L. R. Janes, Pathologist to the Royal Sussex County Hospital, Brighton, 
for their help in securing the histological material. Our thanks are also due to 
Dr. Peter Hansell for the photographs, to Mr. A. McNeil for technical assistance, 
and to Miss E, FitzGerald and Miss E, M. Gower for secretarial help. 
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STANDARDIZATION OF READING TYPES* 
BY 


FRANK W. LAW 
London 


For some time it has appeared obvious to most ophthalmologists 
that there are considerable differences between the Reading Types 
issuing from different sources. ‘‘ Jl” has come to mean nothing 
in style, size, and spacing; and while standardization of Reading 
Types is not as necessary as that of Distant Types, none the less it is 
unscientific and undesirable to tolerate such wide variations as exist 
at present in the material used for a clinical subjective test. As an 
example, and in justification, two specimens of “ J2” from different 
sources are reprinted here. — 


J. 2. 


high sense of their precious value. was a sight indeed “ Now the best thing you can do sir, if you'll allow me to advise you,” said my aunt, after 
silently observing him, “is to abjure that occupation for evermore” “ Madam,” replied Mr. Micawber, ™ it is my intention to register such a vow on 
the virgin page of the future. Mrs. Micawber will attest it.” “I tryst.” said Mr Micawber solemnly. “ that my son Wilkins will ever bear in mind 
that he had infinitely better put his fist in the fire. than use it to handle the serpents that have poisoned the life-blood of his unhappy parent!” 
Deeply affected. and changed in a moment to the image of despair, Mr Micawber regarded the serpents with a look of gloomy abhorrence (in 
which his late admiration of them was not quite subdued) folded them up and put them in his pocket This closed the proceedings of the evening 
We were weary with sorrow and fatigue. and my aunt and I were to return to London on the morrow. It was arranged that the Micawbers should 
follow us. after effecting a sale of their goods to a broker. and that Mr Wickfield’s affairs should be brought to a settlement with all convenient speed 


0.5. No. 2. 


But the accident that followed, though it be a trifle, will be very diverting in its place. 1 was exceedingly diverted 
with this journey. I found in the low grounds hares, as I thought them to be, and foxes; but they differed 
greatly from all the other kinds I had met with, nor coud I satisfy myself to eat them, though I killed several. 
But I had no need to be venturous, for I had no want of food, and that which was very good too, especially these 
three sorts, viz., goats, pigeons, and turtle, or tortoise ; which, added to my grapes. Leadenhall Market could 
not have furnished a table better than I, in proportion to the company. And though my case was deplorable 


In view of the above, the Council of the Faculty of Ophthalmo- 
logists entrusted the present writer with the preparation of a 
memorandum with suggestions for action, to be submitted to Council. 
In the belief that the Council would be wasting its time unless 
such a memorandum and suggestions met with general acceptance, 
permission has been obtained first of all to prepare an article for 
publication in this Journal, explaining the position and outlining the 
recommendations which it is proposed to make to the Council. 





* Received for publication July 16, 1951. 
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This is designed to give anyone interested the opportunity of making 
further suggestions, independently or with reference to the 
recommendations, which may also be considered by the Council 
before coming to any final conclusions. 


HISTORICAL SURVEY 


The first attempt at a scientific interpretation of near visual acuity was 
made by Snellen, who applied to the test the same principles as he applied 
to his distance test; each letter was built into a square which subtended 
an angle of 5’ at the normal reading distance. Inherent difficulties 
attended the reading of Snellen’s types, and Jaeger’s suggestions, 
produced at about the same time, found more general acceptance. Jaeger 
used ordinary printers’ founts of varying sizes. He called the smallest 
No. 1, which thus became known as “JI”. No. 2 corresponded 
approximately to Snellen D=0.5, i.e., it subtended an angle of 5’ at 
0.5 m.; No. 4 corresponded to Snellen D=0.6, i.e., it subtended an angle 
of 5’ at 0.6 m., and so on. The calculation of the size of the letters was 
made quite simply from the tangent of 5’, or 0.001454, e.g., the height of 
a letter to subtend the proper angle at 1 m. was 0.001454 x 1000= 1.454 mm. 


The use of “‘ Jaeger” types for near vision testing has persisted until 
the present day, though the uniformity has been entirely lost from the 
system, mainly because the original founts from which the types were 
produced are now nearly all obsolete. 


PRESENT POSITION 


Because there are no true standard Reading Types in present use, the 
ophthalmologist finds himself using types which vary. according to their 
origin. In order to gain some information on the present position 
and how it arose, from another angle,that of the “‘ producer ”, the views, 
were sought of several firms of opticians and instrument-makers who 
produce and sell reading types. A selection of the replies is given below: 


(1) ... As soon as I received your letter I tried to establish the conditions under 
which we prepared out test-type, which dates back many years, in fact twenty! 
Greatly to my surprise, I discovered that there was no specific scientific basis tor 
the selection of the type. It would appear that a Jaeger test-type was obtained 
at that time and sent for copying purposes to the printers, who did so to the best 
of their ability with the type then available . . 

. . . I wholeheartedly agree with your contention that some form of standard- 
ization is desirable, but as type varies from area to area and even from printer to 
printer, the only safeguard against undesirable, slip-shod, and inaccurately printed 
Jaeger test-types would appear to be a seal issued by a responsible body. I would 
suggest that manufacturers be invited to submit specimen Jaeger test-types to the 
Faculty of Ophthalmologists for approval, which could be conveyed in the form 
of a miniature seal block to be used when re-prints are made. I am sure that 
manufacturers would be prepared to pay for the block, which would of course 
prove a valuable selling asset .. . 
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(2) .. . So far as we can gather these types conform to ordinary printers’ founts: 
Brilliant... Ges ae 
Pearl pe ai 
Pica pe ... J10 and so on. 


Our Reading Test Types are printed like this, and we think that Cowell’s is the 
only reading type constructed where the limbs are one-fifth of the height of the 


letters... 
(3) .. . Our own publications of such types have not varied, except in the subject 
matter, for the last 30 years . . . Professor Jaeger’s compromise was almost 


universally adopted and very soon the Snellen designation was dropped for the 
more convenient Jaeger number. Since then there has not, so far as we know, 
been any authorized investigation with regard to Reading Types .. . We do 
not ourselves see any reason for any publisher departing from the use of the 
definitely fixed sizes known as 4 point, 6 point, 8 point, etc., when printing 
Jaeger Reading Types, unless it were authorized by some organization such as 
the Faculty of Ophthalmologists . . . 


(4) .. . Our Jaeger type is an exact copy of the original which was devised many 
many years ago. We have never altered it and the matter has not been raised 
before. We shall be pleased, however, to co-operate with the snared with a view 
to re-designing the type if this is thought desirable . . . 


(5) ... Naturally, we are restricted to the printing types that are available that 
come nearest to the calculated measurements and, in addition, we endeavour to 
obtain a clear Roman type since the limbs should be as near as possible one-fifth 
of the size of the square of the letter in thickness or, in other words, to subtend 
1’ angle. 

In my view another important point is that the spacing between lines of print 
should be at least equivalent to the depth of the type although this is frequently 
not the case... 


(6) ... We quite agree that there appears to be no standardization in the production 
of Reading types. Originally, Jaeger types, of course, were produced by using 
standard printers’ founts. Unfortunately, these founts appear to be made in 
different sizes by different printers and hence it is that there is a variation in the 
size. Some manufacturers have inserted a number against their reading matter 
illustrating the distance in metres at which the letters themselves subtend an angle 
of 5 minutes, but even this does not overcome the difference in spacing, nor by 
this, does it really hope to standardize the charts . . . 


These replies, which were kindly made by the various firms consulted, 
indicate quite well the unsatisfactory nature of the present situation, and 
render further emphasis on this point unnecessary. They also reveal the 
existence of some interesting and important misconceptions. For 
example, the third reply quoted refers to “‘ the definitely fixed sizes known 
as 4 point, 6 point, etc.”; we shall see, however, that these sizes are 
neither definite nor fixed. The opening sentence of the fourth reply 
contains a reference to “‘an exact copy of the original”, which the writer’s 
experience leads him to believe is more likely to express a pious hope than 
a statement of fact, a view which receives support from the third sentence 
of the sixth reply quoted. The opening sentence of the fifth reply is a 
frank confession. 
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STANDARDIZATION 


There are three items to consider in standardizing reading types— 
style, size, and spacing. 

STYLE.—This is important not only for the sake of legibility but 
also because a type face determines to a certain extent the actual 
size of a letter, i.e., a defined type size varies from fount to fount. 

While there are very many styles suitable to our present purpose, 
a few only have been selected by virtue of their availability, familiarity, 
and legibility. These are: 


Garamond Veronese 

Caslon Old Face Cheltenham Old Style 
Baskerville Bodoni 

Kennerley Times Roman 


All these type faces, though possibly not their names, are familiar 
to all readers. Specimens are shown on p. 769, all in the size known 
as 10 point. The last is so named, because it is the style in which 
The Times newspaper is printed, the bulk of the letterpress being in 
9 point type. It is also used for this Journal, the main body of thi 
paragraph being actually in 11 point type. 

In estimating the relative legibility of these specimens, one must 
carefully take into account the spacing adopted, and attempt to 
assess what effect in each case a variation of the spacing would have— 
for the spacing finally chosen may not be that of the specimen shown. 


S1zeE.—It is a relief that the habit of referring to a type size by an 
arbitrary if romantic name has passed; it is, however, interesting to 
find that even the modern “ point ” system is not quite so scientific 
and accurate as one might suppose. 

A “ point” is one seventy-second part of an inch. From that 
one cannot however state that a 10 point type contains letters which 
are +$" high; it is necessary to go into greater detail. If a letter 
such as m, e, or o were taken, only spacing would decide whether 
the tail of a y (for instance) on the line above would touch or overlap 
below. The further difficulty also arises of the possible vertical 
juxtaposition of letters such as f below and y above, and that of 
“tailed” letters with capitals on the line below. The “ point” 
nomenclature refers to the distance between the top of a capital and 
the bottom of a “ descender ”, i.e., a letter with a tail below the line 
like y, g, and p—but it is not an exact measure of this distance 
because, strange as it may seem, the unit does not measure the actual 
type face (though it does refer to it) but the vertical height of the 
“ body ” or block of metal upon which the face is carried. Clearly, 
the letters would not reach to the actual top or bottom edge of the 
body, for if they did so juxtaposition of the kind just described would 
result in actual contact of the printed letters; the top of a capital 











STANDARDIZATION OF READING TYPES 769 


Specimens of Various Type Faces 


Garamond - = - 


Caslon Old Face - 


Baskerville - - 


Kennerley - - 


Cheltenham Old Style 


Times Roman - 


Printing has been influenced by few of the 
many distinct periods through which the 
arts have come, and even of these few 
none has had any lasting results, with the 
exception of the Renaissance period which 
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exception of the Renaissance period which 


Printing has been influenced by few of the 
many distinct periods through which the arts 
have come, and even of these few none has 
had any lasting results, with the exception of 
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and the bottom of the tail of a descender are made just a little short 
of the body margin. Therefore, when we speak of * 10 point we 
refer to the fact that the body of the type has a vertical measurement 
of 49", and that the measurement from the top of a capital to the 
bottom of a descender is a slight and undefined amount short of this. 
This amount is determined and standard for any given style, but 
may vary from one style to another—an important matter for our 
consideration. 

Comment has often been heard upon the undesirability, and indeed 
the inadvisability, of including type as small as the average J1 in 
reading types. In this connection it is interesting to note that 
standard founts do not go below “5 point” (or sometimes to 44), 
and it is suggested that this is small enough for our purpose. If it 
is considered desirable to include smaller types, this end could be 
achieved by reduced photographic reproduction. 


Spacinc.—No exception will be taken to the statement that the 
legibility of any style of printing is largely dependent upon spacing. 
As defined above, there is a “ Standard ” spacing, so to say, but at 
any time it might be—and for our present purpose may be—thought 
desirable to deviate from this standard. If this is desired it is 
customary to refer to a type-face size “‘ cast on’ a body size—both 
in “point” notation. Thus one would say “9 point type, cast 
on 11 point body ”—it being understood that “9 point type” means 
the size of type in the style under consideration that would normally 
appear on a 9 point body, but here cast upon a body which measures 
vertically +3". : 

For our purpose it would appear desirable not to alter the size of 
body upon which a given size of type face normally appears. 


PAPER.—Since the glaze of art paper is known to make a 
considerable difference to the legibility of print, it is further suggested 
that the test-type be printed on dead-white paper with a matt surface, 
such as cartridge paper. This could then be pasted on to boards 
as required for convenience of handling. Alternatively, cartridge 
boards with a comparable surface could be used for direct printing, 
subject possibly to approval before distribution. A smooth-finished 
cartridge paper can be successfully varnished after printing without 
affecting legibility. This measure is therefore recommended in 
circumstances where use is likely to be heavy, e.g., in hospital out- 
patient departments, since cleanness has so marked an effect on 
legibility. 

DISTRIBUTION.—It is necessary to consider in some detail the 
actual measures to be adopted in the distribution of the new Reading 
Types when designed, approved, and ready for use. The most 
obvious method is to have the appropriate types set up and approved, 
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and to arrange for the loan or hire of those types to any firm who 


desired the use of them, either from a firm of printers or from the 
Faculty offices. The objection to this method consists in the 
difficulty of safely transporting set-up type by post or rail. An 
alternative would be to have a stereotype or line block made—a 
practical suggestion since these are easily and safely transported. 
A third possibility, which appeals on accourt of its simplicity, 
would be for the Faculty to commission a firm to set up the types 
and take off a large number of prints; these could be stored at the 


Faculty offices and distributed as required at a cost to cover expenses. 
Possible objections to this method would be that the fixed size of 
the sheets might interfere with the wishes of some producers of 
reading types in book form, and also that the actual passages printed 
would be identical everywhere, reducing uniformity to the level of 
monotony; it would, however, carry the advantage that the reading 


types would always be available immediately on demand, which 
might not be the case if the line block scheme were adopted. 


RECOMMENDATIONS 


The writer proposes to recommend to the Council of the Faculty 


that an attempt be made to standardize Reading Types. For this 


purpose he offers the following suggestions: 


(i) that “ Times Roman ” type-face be adopted: 
(ii) that the spacing shall be “standard ”’; 


(iii) that‘specimens of printing of sizes 5 ny 6 pt., 8 pt., 10 pt., 12 pt., 
4 pt., 18 pt., 24 pt., 36 pt., and 48 pt. be used; 


(iv) that near acuity be recorded by the letter S (standard) followed 
by the number indicating type-face size, e.g., S5, S8, etc. 


It is further intended to recommend that the types be printed 
upon dead-white matt-surface cartridge paper or cartridge boards, 
which may, if desired, be varnished after printing to increase 
durability, and that the actual printed types be available for purchase 
at cost price from the Faculty offices. 

Specimens of various sizes of the type aueented are shown 
overleaf. 

It is very much to be hoped that these suggestions, possibly 
modified by the Council, will be acceptable to all practising 
ophthalmologists throughout the United Kingdom, and will be 
adopted, and that all reading types will be altered to conform with 
this standard. The Council invites comments upon this scheme, 
and suggested modifications, all of which will be carefully considered : 
if any major change is adopted, previous notice will be given before 
the recommendations are published. Any suggestions should be 
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Suggested Standard Reading Types 


WE 100 EASILY LOSE SIGHT OF THE FACT that printing was not merely one 
of the key inventions of the modern technical era, much more significant in every 
way than the invention of the steam engine, ee that at a very early period it set the 
pattern for the application of the machine to the other arts. Printing was the first 
modern art to introduce uniformity, Handareieation. and mass production by 
mechanical means. The aesthetic basis of this art was iaid down by the scribes od 
d the b of the period that antedated the printing p. 
Because of the nigh standard of beauty that the hand and eye had achieved awe, 





WE TOO EASILY LOSE SIGHT OF THE FACT that printing was not merely 
one of the key inventions of the modern technical era, much more 
significant in every way than the invention of the steam engine, but 
that at a very early period it set the pattern for the application of 
the machine to the other arts. Printing was thus the first modern art 
to introduce uniformity, standardization, and mass production by 
mechanical means, but the aesthetic basis of this art was laid down 
by the scribes who produced the beautiful manuscripts of the period 
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of the key inventions of the modern technical era, much more significant in 


every way than the invention of the steam engine, but that at a very early 
period it set the pattern for the application of the machine to the other arts. 


WE TOO EASILY LOSE SIGHT OF THE FACT that printing was not 
merely one of the key inventions of the modern technical 
era, much more significant in every way than the invention 
of the steam engine, but that at a very early period it set the 
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explain that any movement of the object will of course 
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forwarded without delay to the Faculty at 45, Lincoln’s Inn Fields, 
W.C.2. Otherwise approval will be assumed. 


SUMMARY 


(1) It is suggested that Reading Types be standardized. 

(2) The origin of the Reading Types at present in use is outlined; 
the present position is described, and the reasons for standardization 
submitted. 

(3) The desiderata for Reading Types are described and examples 
are given of the suggested standards of size and legibility (opposite). 

(4) The suggestions it is proposed to make to the Council of the 
Faculty are recorded, and a request made for modifications to these 
suggestions to be submitted to the Council for consideration before 
their final recommendation is made. 


The writer wishes to record his grateful thanks to Messrs, Clement Clarke, Curry 
and Paxton, Dixey, Hamblin, Jordan Gaskell, Keeler, and Weiss for their co-operation. 
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SURGERY OF MALIGNANT MELANOMA OF 
THE IRIS* 


BY 


H. B. STALLARD 
London 


THE prognosis after adequate and careful surgical removal of 
malignant melanoma of the iris is good, for such neoplasms are 
commonly slow growing, and a feature of their morbid histology 
which substantiates this fact is the absence of karyokinetic figures. 
They are composed of spindle cells, a cytological type which, together 
with a rich argentophil reticulin, in the case of malignant melano- 
mata of the choroid, has a better prognosis than other cellular 
varieties. 

Neoplastic infiltration of the posterior surface of the cornea and 
of the structures at the filtration angle including the base of the 
ciliary body used to be considered a contraindication to the local 
removal of a malignant melanoma by iridectomy; however, although 
these neoplastic extensions are undesirable they are not insuperable 
barriers to effective surgical extirpation, for it is possible with a 
trephine of appropriate size to remove in some cases the affected part 
of the cornea with an adequate surround of normal cornea and to 
replace this with a corneal graft. When the periphery of the neo- 
plasm has reached the filtration angle and it is suspected that only a 
thin sheet of cells may have infiltrated the base of the ciliary body, 
surface diathermy has been successful in their destruction (Case 3). 
This treatment is of course unwarranted when there is gross involve- 
ment of the ciliary body. Radiotherapy is quite ineffective for 
malignant melanoma of the iris, a fact verified by the morbid histology 
of the tumour removed after irradiation (Case 1, Fig. 2). Excision 
of the eye when the neoplasm is limited to the iris is quite unjustifiable. 
The majority of malignant melanomata of the iris are situated in its 
lower half, and are obviously more conspicuous in blue irides than 
in the heavily pigmented irides typical of the coloured races. 


CLINICAL TYPES 


(1) Nodular.—The neoplasm is roughly circular, projects well forward 
from the anterior surface of the iris, has a fluffy nodular surface and 


* Received for publication July 26, 1951. 
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shows thin-walled vascular loops from which blood may leak into the 
anterior chamber and temporarily impair vision (see Fig. 3, p780). Several 
smaller satellite nodules of growth may be present in the adjacent iris. 


(2) Flat and Plaque-like.—This variety of malignant melanoma which 
is slow growing, relatively avascular, causes distortion of the iris with 
early ectropion uveae and sectoral immobility of the affected part of 
the iris in its reaction to light and accommodation. Ultimately this type 
of neoplasm spreads along vascular and lymphatic sheaths in a diffuse 
infiltration of the uveal tract. 


(3) Diffuse, so-called ‘‘ Ring ’’ Sarcoma.—This reduces the depth of the 
anterior chamber and ultimately causes glaucoma. This type is of 
course unsuitable for removal by iridectomy for it infiltrates the ciliary 
body extensively and even extends posteriorly into the choroid. In some 
instances the diagnosis is not realized until the moment of seizing the 
thickened iris during an operation to relieve glaucoma. When I was 
pathologist at Moorfields Eye Hospital such a case occurred, and the 
surgeon, suspecting an abnormal state of the iris, sent the excised piece 
for section. The eye was removed a week later and sections showed 
giant-cells of Langhans at the advancing edge of the sheet of malignant 
melanoma which had extended posteriorly into the choroid, a histological 
feature significant of rapid growth after the relief of the raised intra-ocular 
pressure. 

The clinical signs of malignancy occurring in a melanoma which has 
been previously judged benign are increase in size, vascularity, and 
pigmentation. The last feature does not, of course, apply in cases where 
the tumour is so sparsely pigmented that the term leucosarcoma has 
been applied in the past. Irregularity of the pupil and impaired mobility 
of the affected sector of the iris have been mentioned above. 

In cases where the posterior limit of the neop!asm is not clear, eserine 
is instilled and the filtration angle is examined by the gonioscope. The 
size of the neoplasm is measured by Lang’s 4 D graduated cylinder. 


SURGICAL TECHNIQUE 


It is desirable to remove the neoplasm by an iridectomy which extends 
from the pupil margin to the root with radial cuts 3 mm. on either side 
of the growth and to do this without an instrument touching the neoplasm 
and if possible without the neoplasm making contact with the edges of 
the wound. 

Before operation, eserine is instilled into the eye. Akinesia of the 
orbicularis oculi and a retro-ocular injection of local anaesthetic into the 
region of the ciliary ganglion are effected. Pentothal may be given if 
indicated. 

After insertion of the speculum, a traction stitch is passed through 
the rectus muscle posterior to the site for incision or, if necessary, sutures 
are passed through the two adjacent recti muscles. 

The conjunctiva is incised at the limbus for about half the circumference 
of the cornea, and is undermined so as to fashion a ‘ hood’ flap. Two 
traction sutures are passed through its edge and the flap is retracted by 
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Fic. 1.—Diagram of main steps in iridectomy operation. The following 
numbers indicate the order, reading from left to right beginning at the top. 
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(i) Incision ab externo. Fixation of 
the eye by suture through rectus muscle 
insertion and fine scleral hook in anterior 
lip of incision. Conjunctival flap re- 
tracted by two sutures. 

(ii) A double-armed scleral suture 
has been inserted and drawn out into a 
loop. Retraction of the arms of the loop 
is made with plane forceps whilst the 
incision is completed. 

(iii) Two Lang’s iris forceps are 

assed through the wound to grasp the 
iris 3 mm. on either side of the neoplasm. 


(iv) The iris with the neoplasm is 
drawn through the wound and incisions 
are made with de Wecker’s scissors from 
the pupil margin to the iris root just 
beyond the grip of each pair of forceps. 


(vy) The iris root is cut. 


(vi) The two arms of the scleral 
suture are brought through the con- 
junctival flap, 2.5 and 1.5 mm. from its 
cut edge, and tied. The corners of the 
conjunctival-hood flap are secured with 
two mattress sutures. 
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(vii) The scleral wound is closed and covered with the conjunctival-hood flap. 


clamping these sutures to the head towel (Fig. 1,i). These sutures may be 
used at the end of operation to secure the corners of the hood flap. The 
anterior chamber is entered at the limit of the filtration angle through an 
ab externo incision made concentric with and 1 mm. behind the limbus 
and extending 5 mm. in each direction from the peripheral limits of the 
neoplasm. It is essential for this incision to be adequate in order to 
manipulate two pairs of Lang’s iris forceps in the eye at the same time. 
Before the incision is made it is well to mark its limits with a light touch 
from a heated probe and also to seal in this way any superficial blood 
vessels in the line of incision. A fine scleral hook is inserted in the limbus 
at the centre of the line marked for the incision. This acts for fixation 
and traction. The incision is made either with a No. 15 Bard Parker 
knife or a small cataract knife (Fig. 1). Before the incision is completely 
through the sclera one or two sutures, depending on the length of the 
incision, of 000 black silk on Grieshaber’s needles are passed from the 
scleral to the corneal lip of the incision and are pulled out into a loop or 
loops (Fig. 1, ii) in order to afford the knife access to complete the incision. 

The arms of these sutures may be held in plane forceps by the assistant 
and the edges of the wound thus retracted. Vitreous loss is unlikely but 
if this is anticipated it is well to tie a substantial knot on the corneal arm 
of each suture and to place this on the cornea against the exit of the suture. 
The purpose of the knot is to effect rapid closure of the incision by pulling 
on the scleral arm of each suture. The incision into the filtration angle 
may be completed either by a few light strokes with the knife or, when 
the filtration angle is open for 2 mm., it may be finished by the careful 
introduction of the tips of Westcott’s scissors with the deeper blade 
between the iris root and the posterior surface of the limbus, care being 
taken not to touch the neoplasm. 

I think that this ab externo incision is preferable to a small keratome 
section made to one side of the neoplasm and enlarged with scissors, and 
to the classical section made by a cataract knife traversing the anterior 
chamber, for in both instances there is some risk of touching the tumour 
with either the keratome or the knife and so disseminating neoplastic 
cells into the anterior chamber and the wound. If the iris bulges into the 
wound it is gently replaced with an iris repositor without touching the 
neoplasm. Any bleeding points are checked with a fine heated probe. 

The surgeon now takes a pair of Lang’s iris forceps in each hand. 
The assistant holds in one hand a pair of de Wecker’s scissors ready to give 
the surgeon whilst with the other hand he seizes in forceps the corneal 
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arms of the sutures so as to lift the corneal edge of the wound, through 
which the surgeon passes the Lang’s iris forceps one on each side of the 
neoplasm (Fig. 1, iii). A grip is taken of the iris at a point 3 mm. on 
either side of the neoplasm and as the iris with the neoplasm is drawn 
into the wound the assistant lifts the corneal lip to clear the neoplasm. 
The iris is now drawn forwards so that the whole of the neoplasm is exposed 
(Fig. 1, iv) and the iris root is just through the lips of the incision. The 
surgeon now hands over one of the Lang’s forceps to the assistant, and 
with his other hand he makes a radial cut with de Wecker’s scissors 
from the pupil margin to the iris root 3 mm. from the edge of the neoplasm 
on one side and with the two pairs of Lang’s iris forceps still keeping taut 
the sector of the iris within their grasp a like cut is made with de Wecker’s 
scissors 3 mm. from the other side of the neoplasm. The sheet of iris 
with the neoplasm is now drawn well forward and the open blades of 
de Wecker’s scissors placed at a tangent to the wound embrace the iris 
root and on closing sever it from the ciliary body (Fig. 1, v). An 
iridectomy done in this way gives a neat coloboma (see Fig. 4), whereas 
the illustrations in the literature of iridectomy done with one pair of 
forceps show a ragged coloboma. 

The assistant immediately spreads the excised piece of iris over a cork 
moistened with saline to which it is fixed with four small stainless steel 
pins placed in each corner of the section of iris. The specimen is now 
immersed in formol saline. 

If it is necessary, the wound may be immediately and firmly closed by 
drawing on the sutures. However, in the 6 cases upon whom I have done’ 
this operation to date there was no threatened vitreous presentation, and 
so rapid closure of the wound was not an urgent necessity and there 
was no haemorrhage from the cut edges of the iris. 


The needle on the scleral arm of each suture is now passed through the 
conjunctiva from its deep to its superficial surface 2.5 mm. from its edge, 
and the corneal arm is brought through 1 mm. closer to the edge (Fig. 1, vi). 
If a knot has been tied on the corneal arm of each suture for the purpose 
of quick closure of the wound, then the suture is drawn forward so that 
the knot is well clear of the corneal surface. The knot is cut off and the 
suture threaded through a needle which is passed through the conjunctiva 
in the manner described above. These sutures are firmly tied with a 
surgical knot so that the edges of the limbal wound are accurately 
coapted and covered by the conjunctival flap. The corners of the hood 
conjunctival flap may each need closure by sutures, and to achieve this 
the sutures which have been retracting the conjunctival flap are used. If 
there is any unsightly ‘ dog’s ear’ fold, the excision of a small triangle of 
conjunctiva with its base at the limbus will adjust this (Fig. 1, vi and vii). 
Atropine is instilled and a dressing applied. 

The sutures which close the limbal incision and hold the conjunctival 
flap over this are removed 10 days after operation, and the sutures at the 
corners of the conjunctival flap are removed on the 6th day. 

Healing is uneventful. With careful suture of the wound hyphaema is 
improbable, and indeed did not occur in this series of 6 cases. Also I 
think that suturing the wound may lessen astigmatism to 0.5 D. 
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Case Reports 
Case 1. K. A., aged 15 in June, 1932, when she came to St. Bartholomew’s Hospital. 
One year after birth (1918) a brown swelling was noted on the iris in the 12 o’clock 
meridian. In 1929 at the age of 12, this swelling became larger and it had gradually 
increased since then. In January, February, and March, 1932, at 6-week intervals she 
received three applications of unscreened radium (10 mg. in a 10 mm. diameter monel 
metal applicator) at the Radium Institute. 

In the 12 o’clock meridian of the iris of the right eye there was a circular raised, 
nodular pigmented neoplasm with vascular loops showing on its anterior surface. 
The neoplasm had infiltrated the pupil margin and was not attached to the cornea, 
and the root of the iris and filtration angle were clearly free from the growth. There 
was melanosis of the iris elsewhere. The left iris was blue without any sign of 
melanosis. The patient’s hair and complexion were fair and there were a few scattered 
benign melanomata in the skin of the face, neck, and arms. There were no enlarged 
regional lymph nodes. Vision was 6/9 in the right eye, and 6/6 in the-left eye. 

On July 1, 1932, a keratome section was made at 9-10.30 o’clock and the section 
completed with scissors. The neoplasm was removed in a wide iridectomy. 

Pathological Report (see Fig. 2).—Malignant melanoma of the iris composed of 
spindle cells in irregular interlacing bundles. Intra- and extra-cellular pigment. Thin- 
walled blood vessels’ with hyaline degeneration in some of the vessel walls. No areas 
of necrosis and no histological evidence of effective irradiation. The line of excision 
is clear of the neoplasm. 


Fic. 2.—Case 1, photo- 
micrograph of section 
of iris malignant mela- 
noma. Spindle cells 
quite unaffected by un- 
screened radium. 





Follow-Up.—On January 10, 1933, the incision had become a cystoid cicatrix, the 
anterior chamber was shallower than normal and the intra-ocular pressure was low. 
To date (June, 1951), she has remained well and free from recurrence of the neoplasm. 
Vision in the right eye is 6/9, 6/6 (partly) J.4 with —0.75 sph +6.0 cyl. 
ax. 150°. Since 1933 the astigmatism in the right eye has increased from +2 D to +6 D. 
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Fic. 3.—Case 2, eft 
eye, malignant mela- 
noma of iris in lower 
temporal quadrant of 
iris, 





Fic. 4.—Case 2, after 


operation. 





Case 2, C. M., female, aged 30, by profession a doctor, had had a melanoma on the 
iris of the left eye in the 4 o’clock meridian all her life. In January, 1951, vision 
became blurred in the left eye from a small hyphaema which absorbed in 48 hours, 
and the visual acuity returned to 6/5 with —5 sph. On February 12 she came to 
Moorfields Eye Hospital. Fig. 3 shows the neoplasm, which had a dilated vessel 
running to it from the periphery of the iris, and another conspicuous vessel running 
horizontally from the neoplasm’s pupillary border. A number of loops of thin-walled 
vessels stood out from the surface of the neoplasm. On February 16, 1951, the operation 
described above was performed. The ab externo post-limbal incision was closed by 
One suture which also took in the hood conjunctival flap. A mattress suture was 
used at each corner of the flap. Healing was uneventful. There was no hyphaema. 
The visual acuity on April 9, 1951, was 6/5 with —5 sph. —0.5 cyl. as 180°. The 
cylinder in the right eye was also —0.5 D, Fig. 4 shows the large iris coloboma with 
neat edges. 

Fig. 5 shows a contact Jens with painted iris and Fig. 6 a contact lens darkened 


over the site of the iris. coloboma. The former was preferred cosmetically and 
functionally. 


The morbid histology of the spindle-celled neoplasm, showing its blood spaces and 
absence of the karyokinetic figures, is seen in Fig. 7 (opposite) and Fig. 8 (overleaf). 





tt et 
eaten eae 

















Fic. 6.— 
Case 2, con- 
tact lens with 
shaded area to 


cover  colo- 
boma. 





MELANOMA OF THE IRIS 


781 


Fic. 5.— 
Case 2, photo- 
graph of con- 
tact lens with 
iris painted on 
lens. 





Fic. 7,—Case 2, 
low-power photo- 
micrograph of sec- 
tion of iris malig- 


nant melanoma. 
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Fic. 8.—Case 2, high-power photomicrograph of section of iris malignant melanoma. 


Case 3, Corporal J. F. McC., aged 22, of the R.C.A.S.C., attached to 22 Canadian 
Field Ambulance, was sent to 108 General Hospital in Belgium on January 2, 1945. 
He had a malignant melanoma of the iris between the 5 and 7 o’clock meridians of his 
left eye, in which the vision was 6/6. A thin sheet of the neoplasm had extended to 
the iris root and, as it was possible that the posterior advancing edge might have 
involved the base of the ciliary body surface, diathermy 70 milliamps for 5 sec. was 
applied just posterior to the limbus. The incision was made through this diathermized 
area and the necrlasm removed with 3 mm, of iris on either side of it. Serial sections 
showed a spindle-celled malignant melanoma. The radial incisions on either side of 
the growth were well clear of it, but the diathermy had so affected the iris root that it 
was difficult to be sure whether the line of excision was clear of the neoplasm in the 
centre of the iris root. Healing of the wound was uneventful and the lens remained 
transparent. The patient was evacuated to the United Kingdom. Subsequently the 
eye became irritable and the intra-ocular pressure was low. It was decided to excise 
the eye and this was done in a Canadian Hospital in England, Serial sections of the 
eye made at Moorfields Eye Hospital revealed no histological evidence of malignant 
melanoma, The strip of conjunctiva over the wound which was removed with the eye 
was vascular but showed no trace of neoplastic cells. The anterior chamber contained 
some granular coagulum and the ciliary body showed evidence of necrosis. Pigmentary 
disturbance was evident in the ciliary body and ora serrata. The choroidal vessels 
were dilated and there were haemorrhages in the anterior part of the choroid and 
one large haemorrhage close to the optic disk. Oedema was present in the supra- 
choroidal lymph space and in the optic nerve. 

It seems evident in this case that the ciliary body resented the amount of diathermy 


which was used. Perhaps the intra-ocular irritation following the diathermy might 
have settled in time, and the patient might have retained some measure of vision. 


Case 4. A.H., male, aged 45, had a malignant melanoma of the iris in the lower nasal 
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Fic. 10.—Case 5, left eye, painting of iris, showing 
malignant melanoma. 
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quadrant of the right eye. The neoplasm was in the root of the iris and extended 
for 2.5 mm. forwards in the stroma, and its measurement concentric with the limbus 
was 3.5 mm. It was buff-coloured and of the flat, plaque-like variety. The pupil 
action was disturbed and its shape irregular in the sector affected by the neoplasm. 
Vision in the right eye was 6/9. 

On August 8, 1950, the neoplasm was excised, leaving the sphincter iridis and pupil 
intact. Before making an ab externo incision 1.5 mm. behind the limbus, two applica- 
tions of diathermy were made to the base of the ciliary body, where it was thought 


that a thin sheet of 


the neoplasm might 


have invaded it. The 
ab externo incision in 
the sclera was closed 
by two sutures. Heal- 
ing was uneventful. 
Fig. 9 shows the colo- 
boma which is some- 
what ragged; indeed, 
except for a so-called 


complete iridectomy, 
it is very difficult to 
effect clean cuts with 
iris scissors in a some- 
what folded iris drawn 
into the wound. There 
Fic. 9.—Case 4, coloboma after operation. has been no recur- 
rence to date. 


Case 5. Mrs. I. P., aged 48*, had a malignant melanoma of the iris in her left eye in 
the 9 o’clock meridian. It was nodular in type, roughly circular, and 3.5 mm. in 


diameter (Fig. 10). It was removed by the techni que described above, and at present date 
(23 years after operation) there is no evidence of recurrence. Vision in the left eye 


has remained 6/9, but the intra-ocular pressure has fallen to 13 mm. Hg from 23 mm. Hg 
before operation. 


*I wish to thank Mr. W. E. Heath for referring this patient to me, for his help when 


we operated on her, and for his notes about her progress. 
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BIOCHEMICAL AND HISTOLOGICAL CHANGES 
IN DEVELOPING RAB2IT EYES* 


BY 


B. A. BEMBRIDGE anp ANTOINETTE PIRIE 
From the Nuffield Laboratory of Ophthalmology, Oxford 


AN attempt has been made to find the cells of origin and the time 
of origin during development of the vitreous hyaluronic acid. The 
adult vitreous body of those species so far examined seems to owe its 
characteristic jelly-like properties to the presence of small amounts 
of an insoluble collagen-like protein laid down in fibrous lamellae 
and a low concentration of hyaluronic acid. Earlier work with 
adult rabbits (Pirie, 1949) has shown that aggregated hyaluronic acid 
can be regenerated in the vitreous body after removal by hyaluroni- 
dase. It therefore seemed possible that, in the young, rapidly 
enlarging eye, histochemical tests might be able to show which cells 
produced hyaluronic acid and at what stage in development this took 
place. The time of production could then be checked by chemical 
analysis of the extracted vitreous body. Meyer (1947) has suggested 
that hyaluronic acid is secreted by the ciliary body. 

We can say at once that we have no clear evidence on the origin 
of hyaluronic acid within the vitreous body; in pursuing this 
problem, however, we have collected information on changes in the 
chemical composition of the developing vitreous body in the young 
rabbit as well as histochemical evidence for the presence of a granular 
material in the retina at a certain stage of development which stains 
by the method for detecting polysaccharides (Hotchkiss, 1948). The 
evidence is briefly presented, as it may be of interest to, and save the 
the time of, others working on similar problems. 


METHODS 


MATERIAL FOR CHEMICAL ANALYsIS.—Vitreous bodies dissected from rabbit eyes from 
birth onwards were used. The rabbits were killed by decapitation or nembutal 
injection and the eyes removed, washed, wiped free of all blood, and then opened by 
an equatorial cut. The vitreous body was shelled out and filtered through a glass 
filter. The filtrate was centrifuged to remove cells and pigment granules and the 
supernatant used for analysis. The vitreous filtrates from several eyes were pooled 
to get sufficient material. 

Total Nitrogen was estimated by micro-Kjeldahl digestion followed by distillation 
and titration using the method of Markham (1942), 


* Received for publication August 7, 1951. 
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Hexosamine was estimated by the method of Elson and Morgan (1933) adapted for 
small quantities. Control estimations of glucosamine were always done in parallel, 
as well as a blank estimation of the vitreous filtrate to compensate for charring. Usually 
0.5 ml. vitreous filtrate was taken for estimation. Colour was estimated in a Hilger 
Biochem absorptiometer or in a Beckman spectrophotometer. 


HISTOLOGICAL INVESTIGATION.—Eyes were fixed in Bouin’s fluid and embedded in 
paraffin, and the sections were flattened on 70 per cent. alcohol for mounting on slides. 
Subsequently these were prepared as follows: 

(i) exactly according to the technique described by Hotchkiss (1948), 

(ii) Best’s carmine (Carleton and Leach, 1947), 

(iii) Langhans’ iodine (Carleton and Leach, 1947), 

(iv) toluidine blue 1 per cent. (Lison, 1936; Sylvén, 1941), 

(v) dialysed iron (Hale, 1946). 


RESULTS 
CHEMICAL ANALYSES OF DEVELOPING VITREOUS HUMOUR 


Total Nitrogen of the adult rabbit vitreous humour lies at about 
0.2 mg. N/ml., which corresponds to 1.25 mg. protein/ml. The vitreous 
of the newborn has about ten times this N content. Fig. 1 shows the 
changes in total N 
with age, and shows = 2:27 
that the adult level 


; ‘ 2:05 

is not reached until Fic. 1.—Change in nitrogen content 
the rabbit is about 1-84 of vitreous humour after birth. 

15 to 18 days old. i. 


Hexosamine _ esti- 
mations taken as a 1-44 
measure of hyalur- . 
onic acid in a fluid € 127 
containing possibly a ™ 10 
small amount of - 
hyaluronic acid and £084 
certainly a relatively 
large amount of 0-6 
protein are liable to 4. 
error. There is the 
error due to charring 0-2: 
during hydrolysis ee ee ee Re ee 
which gives a yellow DAYS 4 6 8 10 12 14 16 18 20 22 
colour to the final 
solution, which must be balanced during the colorimetric estimation; and 
there is the error due to possible interaction of amino-acids (liberated by 
hydrolysis) and glucose to give substances reacting like glucosamine in the 
estimation (Partridge and Gottschalk, 1950). The preformed glucosamine 
of the proteins, which Ogston and Stanier (1950) reckon as 1.5 per cent., has 
also to be allowed for. Small variations in hexosamine cannot, therefore, be 
taken as variations in hyaluronic acid content of the young vitreous. 
Bearing these reservations in mind, the hexosamine estimations show that, 
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in all probability, there is no hyaluronic acid present in the vitreous body 
until about 10 days after birth. Fig.'2 shows the total hexosamine and the 
hyaluronic acid hexosamine taken as the total less the protein hexosamine. 
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HISTOLOGICAL EXAMINATION OF THE DEVELOPING EyeE.—Chemical analysis 
showed that in all probability no hyaluronic acid was present in the 
vitreous body until about 10 days after birth. Hyaluronic acid is an acid 
polysaccharide and it reacts vigorously after oxidation with periodic acid 
in “ spot tests’ with Schiff’s reagent. Any structure still containing it 
after fixation and preparation for histological sections should stain if the 
Hotchkiss technique is used. In all cases simultaneous controls were 
done by omitting the periodic acid oxidation from the procedure. 

This histochemical method demonstrated the presence of “* Hotchkiss 
positive ’ material in rabbit retina. This substance is absent both in the 
day-old rabbit retina and in the adult. It first appears at about the eighth 
day, in the form of extra-cellular, pink-staining granules, diffusely 
scattered through the retina. These granules cannot be found in normal 
rabbit retina after the third week. Their exact distribution varies, but 
they are mostly found in the inner retinal layers (Fig. 3). 

Identification of the granules has not been carried further than placing 
them in the large group of substances which react with fuchsin sulphite 
(Schiff) after oxidation with periodic acid. Of these, possible substances 
are glycogen, mucins, hyaluronic acid, chondroitin sulphuric acid, heparin, 
and insoluble glycoproteins, such as those of the lens capsule and 
Descemet’s membrane. The property of the retinal polysaccharide which 
has caused most difficulty in its identification has been its extreme 
solubility in aqueous solutions. Identification has been attempted by 
enzyme tests, and by determining if other staining techniques demonstrate 
the granules. Exposure of sections to distilled water or saline for five 
minutes at room temperature removed the staining material. It was 
therefore, impossible to determine whether hyaluronidase or salivary 
diastase digested the staining material, since this dissolved in the boiled 
enzyme or in saline controls. The granules are stable in 70 per cent. 
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Fic. 3.—Granules 
in inner retinal 
layers stained by 
Hotchkiss method. 
11-day-old rabbit. 
x1 





alcohol, but the enzymes are inactive in this solution. This extreme 
solubility also necessitated care in the fixation of the eyes, and we came 
to the conclusion that formalin fixation did not preserve the polysaccharide, 
but that Bouin’s fluid did so. Sections of formol-fixed eyes showed no 
pink-staining granules, whereas Bouin-fixed eyes of the same age gave 
positive results. The difficulty in preserving the polysaccharide may also 
explain its varying distribution in the retinal layers, because as the fixative 
diffuses in, the polysaccharide may be disturbed by the diffusion currents, 
and its eventual extra-cellular appearance does not necessarily mean that 
it is extra-cellular in life. 

This difficulty in obtaining adequate fixation is similar to that 
experienced in attempting to fix tissue containing glycogen. We found 
that Best’s carmine stained the retinal granules; these were compared 
with granules found in liver stained with Best’s carmine, in their behaviour 
towards salivary diastase and towards boiled enzyme. Here again there | 
was difficulty in interpreting the controls. 

The liver substance—presumably glycogen—which reacts with fuchsin 
sulphite after periodic acid was far less soluble than the retinal granules. 
Treatment of liver sections with boiled salivary diastase did not remove 
stainable material, whereas the active enzyme did so. The retina reacted 
quite irregularly, sometimes staining after the action of the boiled enzyme, 
but more often not staining.* Liver glycogen still gave positive results 
with the Hotchkiss method after exposure to boiled salivary diastase or 
distilled water for 15 to 20 minutes. 

Attempts to demonstrate retinal glycogen granules with iodine have been 


#In this technique, the slides were collodionized to prevent diffusion, which may explain why boiled 
salivary diastase occasionally did not remove the stainable material, whereas it always did so in non- 
collodionized slides using the Hotchkiss technique. 
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unsuccessful, as was the use of Hale’s dialysed iron to demonstrate 


hyaluronic acid. 
The solubility of the polysaccharide may also account for the difficulty 


experienced in trying to demonstrate it metachromatically, using meta- 
chromasia as a demonstration of hyaluronic acid (Penney and Balfour, 
1949). The basic metachromatic colouring agents require a watery 
solution for the metachromasia to appear, and the colour tends to disappear 
with dehydration. Thus this extemely soluble substance will tend to be 


washed out of a section by the very solution which is being used to 
demonstrate its presence. We were satisfied on one occasion only that 


there was metachromatic staining. 
DISCUSSION 


The vitreous body of the day-old rabbit is in its gross appearance 
the same as that of the adult, a glassy, clear jelly, yet the chemical 
analysis shows that it is in fact quite different. The hyaloid system 
does not degenerate in the rabbit until about 8 to 10 days after 
birth, and some of the extra protein of the vitreous is probably 
derived from this, but it is probable that there is a far greater 
concentration of protein in the young vitreous. than in the adult, 
quite apart from the hyaloid system. Histologically it is easier to 
show a “ structure ” in the vitreous of the young or embryonic eye 
than in the adult eye, and it may be that precipitation of protein by 
the fixative gives the appearance of this “ structure ”. 

The rabbit eye does not open until the tenth day after birth, and 
Kinsey and others (1945) have shown that no secretion of ascorbic 
acid into the aqueous humour takes place until about this time. 


We have therefore three well-marked chemical changes going on in 
the eye of the rabbit in the first three weeks after birth: diminution 
of the protein of the vitreous body from the very high value at birth 
to the normal adult level of about 1.2 mg. protein/ml.; possibly, 
production of hyaluronic acid; secretion of ascorbic acid. 

The soluble polysaccharide demonstrated in the retina of young 
rabbits may be glycogen. Glycogen js known to exist in varying 
states of solubility and is extremely difficult to preserve in very young 
_and embryonic tissues (Lison, 1936), There have been many contra- 
dictory statements about the presence of glycogen in rabbit and frog 
retina and the part played by it in retinal metabolism. The most 
recent work appears to be a study of the frog retina by Schmitz- 
Moorman (1927). He quotes Erhlich (1883) as demonstrating 
glycogen in frog retina; Brammertz (1915) in the frog and rabbit: 
and the contrary opinion of Best (1901-07). He found many varia- 
tions in the distribution of glycogen in normal frog retina, and 
describes its presence in all layers, deciding that the constant and 
characteristic site was within the inner parts of the cones. His inter- 
pretation of this finding was that glycogen is used in the cone 
contractions which he says occur in this animal. Nakashima (1926) 
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found considerable glycogen in the pigment epithelial and rod layers 


of the rabbit retina after subcutancous and intra-vitreal injection of 


dextrose. He suggested that the pigment epithelium plays a part 


in carbohydrate metabolism by taking up glucose from the chorio- 


capillaris and converting it into glycogen. 
Day (1950) did not find any polysaccharide granules in normal 


rabbit retina, but he was apparently not studying very young rabbits. 
In several eyes he found Hotchkiss positive material near the ciliary 


processes, but could draw no definite conclusions from the use of 
hyaluronidase, because he considered the enzyme he was using was 


not specific. MacDonald (1949), also using older rabbits, concluded 


that the site of hyaluronic acid formation is in the ciliary processes. 


The rabbit eye at birth is—compared to a human eye at birth—a 
premature eye. The retina is not fully developed, the hyaloid 


system remains, and the lids are closed. If material were available 


it would be interesting to see whether similar chemical and histological 


changes take place in human eyes during this period of development. 


SUMMARY 
(1) The protein of the rabbit vitreous body in the adult is approx- 


imately one-tenth of that in the newborn. 
(2) There is probably no hyaluronic acid present in the newborn 


rabbit vitreous body. 
(3) A soluble polysaccharide is present in rabbit retina from the 


eighth day to the end of the third week of life. 
We wish to record our thanks to the National Council to Combat Blindness Inc., 


New York, for the Beckham spectrophotometer used in the later part of this work. 
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CASE NOTE 


CORTISONE IN A PERFORATING EYE WOUND* 


BY 


HENRY O. LITTLE 
Hudson, New York 


In treating a perforating wound of the eye, I detached an anterior 
synechia from the back of the cornea by massage of the eyeball 


through the upper lid. 


Case Report 


On July 7, 1951, a 'ittle girl aged 10 was sent to me by a local physician with a 
penetrating wound of the left cornea caused by a pine twig. She had received the 
wound in falling from a tree at her Catskill mountain home. She had a rough 
comminuted perforation in the upper half of the cornea. The undilated pupil was 
round and did not appear to be caught in the wound. Several fragments of pine bark 
debris were picked from the wound under the slit-lamp, and | per cent. atropine drops 
were instilled. Both eyes were bandaged and she was admitted to hospital. When 
the eye was dressed the following morning, it was discovered that a small tag of iris 
on the upper pupillary margin was incarcerated in the wound. Atropine drops were 
instilled three times a day. 

When the patient was discharged on July 12, the eye was less red and the pupil quite 
well dilated, but a fairly dense flare was present in the anterior chamber, The flare 
contained cells. The patient was allowed to go home, and the following treatment 
prescribed: cortisone drops to be instilled every two hours during the day; 1 per cent. 
atropine ointment to be used at bedtime; 40 gr. aspirin to be taken each day. 

On July 24, the anterior chamber was completely clear. Atropine and cortisone 
were continued until August 6; at this time the eye was almost white, the anterior 
chamber was still perfectly clear, and the anterior synechia mentioned above was still 
attached to the wound and well stretched out by the dilated pupil. 

On August 30, when the patient was last seen, the synechia was ruptured by massage 
of the eyeball through the upper lid, and the tag of iris was retracted upward producing 
an almost round pupil. In my experience the resolution of an anterior synechia of 
this kind by external manipulation is unique. 





* Received for publication September 20, 1951. 
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SWELLING OF THE CORNEA IN VIVO AFTER 
THE DESTRUCTION OF ITS LIMITING LAYERS* 


BY 
D. M. MAURICE anp A. A. GIARDINI 


Ophthalmological Research Unit (Medical Research Council), Institute of 
Ophthalmology, London, and Clinica Oculistica, Universita di Parma, Italy 


IT is well known that the cornea will swell if excised and placed in an 
aqueous solution, and the attention of many investigators has been 
turned to the reason for its unswollen state in the normal eye. It is 
generally accepted that the explanation lies in the properties of the 
limiting membranes of the cornea and various theories have been 
propounded as to the mechanism of their action. Leber (1873) 
based his explanation on the high degree of impermeability to aqueous 
humour shown by him to be possessed by the endothelium, and 
Cogan and Kinsey (1942), finding that water could pass freely across 
both limiting membranes of the cornea and that they were semi- 
permeable, accounted for the deturgesced state of the normal stroma 
by the removal of water from it by hypertonic tears and aqueous 
humour. Davson (1949a), and Maurice (1951) considered that this 
explanation was improbable and concluded that some active extrusion 
must occur at the membranes. In the light of this hypothesis it 
would be interesting to investigate the effect of metabolic poisons on 
the degree of corneal hydration, as this could be an indication of the 
processes involved in the removal of water from this tissue. 

In order to assess the degree of impairment of the function of the 
limiting membranes, it was decided to find out as a preliminary step 
what was the potential swelling that could occur in vivo if this 
function was completely abolished by their mechanical removal. At 
the same time techniques for measuring the swelling could be 
developed which would be available for the subsequent experiments 
with poisons. 

The only quantitative investigations of corneal swelling after 
removal of the epithelium or endothelium, of which we are aware, 
are those of Kinsey and Cogan (1942), which were restricted to the 
excised tissues. As far as removal of these membranes in vivo is 
concerned, Leber (1873) noticed a considerable increase in thickness 


after removal of the endothelium. There do not, however, appear 


to be any corresponding observations for the epithelium in the 





* Received for publication July 5, 1951. 
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literature, for both Davson (1949b) and Adler (1950) refer in their 


recent text-books to the common belief that stripping the epithelium 
is not followed by an appreciable swelling. 


METHODS 


Rabbits were used throughout these experiments. To remove the corneal 
epithelium, the animal was anaesthetized with nembutal, the eye subluxated, and the 
surface of the cornea scraped with a scalpel, Fluorescein was then instilled and any 
unstained areas were given further treatment. After the removal was completed, the 
eyelids were kept closed except during the actual examination of the cornea; when the 
animal had recovered from the anaesthesia, in the experiments that lasted many days, 
it was allowed normal use of its eyelids. 

To destroy the endothelium, use was made of a hypodermic needle of which the 
pointed end had been heated and bent to acurvature rather greater than that of the cornea. 
This was pushed through the cornea near the limbus and its endothelial surface thoroughly 
rubbed with the outer surface of the bend. A deep anterior chamber was maintained 
in order to permit free movement of the needle, by connecting it to a source of 
physiological saline above the normal intra-ocular pressure. 

In the first experiments the change in size of the scraped cornea at the end of the 
experimental time was estimated by excising it, and comparing its weight with that 
of the control cornea from the same animal. Both corneae were cut round the 
pigmented circle at the limbus, superficially dried with filter paper and weighed 
immediately on a torsion balance to the nearest 0.5 mg. Agreement between un- 
touched pairs of corneae was excellent, being within 1 mg. When it became evident 
that a very large number of animals would have to be sacrificed in order to determine 
a complete cycle of corneal behaviour, an optical method (Maurice and Giardini, 
1951) was developed to express the changes that occurred in individual eyes in terms 
of alterations in the_thickness of the corneae. 


RESULTS 


The average thickness of the cornea in sixteen animals was 0.375 mm. 
(standard error of the mean 0.01 mm.) assuming an average refractive 
index of 1.38. In any animal this was appreciably constant round the 
greater part of the horizontal meridian. This figure is to be preferred to 
a lower value (0.33 mm.) derived from the area, weight, and density of some 
corneae by Maurice (1951). 


CHANGES AFTER REMOVAL OF THE EPITHELIUM.—In Fig. 1, Curve A shows 
the average (median) change in the optical thickness of seventeen corneae 
from eleven animals in the first few hours after the removal of the 
epithelium. There is an immediate drop of roughly 8 per cent. correspond- 
ing to the thickness of the epithelium. After this there is a period of 
rapid swelling, which is initially about } per cent. of its total thickness per 
minute, but after one hour the rate of increase becomes markedly lower. 
The swelling curve did not rise steadily in the case of every animal studied ; 
sometimes, for no evident reason, periods of rapid swelling alternated with 
periods of as long as one hour when the thickness remained constant or 
increased slowly. The extreme ranges exhibited by the individual curves 
are indicated in Fig. 1 by arrows. 
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Fic. 1,—Changes in thickness of cornea after removal of limiting layers. 
Median curves are shown, arrows indicating range of experimental 
curves. Thickness of untouched cornea = 100. 

(A) Epithelium removed (17 eyes) 


(B) Endothelium removed (6 eyes) 
(C) Endothelium and Descemet’s membrane removed (4 eyes) 





The relative increases in weight seemed to be generally smaller than 
increases in optical thickness for experimental times longer than one hour. 
That this is a real effect was shown by comparative weight and thickness 
measurements on the same eye in some animals, differences of 50 to 100 
per cent. in favour of the optical measurement being recorded. There 
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must therefore be an unequal swelling over the cornea, the value as 
recorded optically in the centre being greater than that at the edges, 
where it is perhaps restrained by its structural continuity with the sclera. 

The variation in optical thickness at the centre of the cornea from the 
initial removal of the epithelium until complete recovery is shown in a 
typical instance in Fig. 2. The average of all the curves is not presented, 
since the recovery phase starts at a different time in each case, so that the 
shape of the latter part of the curve would be distorted if this treatment 
were applied. 
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FiG, 2.—Changes in thickness of cornea, at its centre after removal of 
epithelium, in a typical instance. Points represent experimental determina- 
tions. Diagrams below curve show roughly the extent of epithelial 
regrowth. 





In every case studied (thirteen eyes), the swelling curve reached a plateau 
before the end of 24 hrs; this plateau extended for 2 to 3 days, the 
recovery phase beginning on the average after 2} days. The average 
maximum swelling was of the order of 200 per cent. of the scraped thickness 
with a range of 160 to 235 per cent. However, when the swelling rose 
above 220 per cent. the measurements became increasingly difficult owing 
to impairment of the endothelial reflex, the result either of endothelial 
damage, or more probably, to the appreciable cloudiness of the stroma. 
Generally, it was found that both eyes of the same animal gave similar 
curves until the end of the plateau was reached. 

The greatest variations between eyes occurred during the recovery 
phase. Some corneae regained their original thickness in one day, 
others were still more or less swollen up to 4 days after the start of recovery. 
The long recovery period was not apparently associated with a high degree 
of swelling, but occurred in cases in which the anterior surface showed 
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imperfect regeneration probably on account of mild trauma or slight 
inflammatory reaction. It is possible also that the steepness of the recovery 
curve, as measured centrally, was reduced in some cases as a result of an 
eccentric regrowth of the epithelium. In all cases the cornea ultimately 
resumed its original thickness; in some cases the epithelium of only one 
of the eyes was removed, and measurements on the thickness of the 
Opposite cornea showed no significant variations during the experimental 
period. 

Most eyes were stained with fluorescein before a measurement of 
thickness was taken. Initially, this ensured that the removal of the 
epithelium was complete, and later it showed the correspondence between 
the return to normal thickness and the extent of epithelial regrowth. 
This relationship, as far as it could be estimated visually, is shown by the 
diagrams under the curve in Fig. 2. At the same time the local variations 
in thickness in the neighbourhood of the stained area could be seen from 
the shape of the optical section. In general, the thickness was uniform 
over this area and underwent an abrupt reduction just beyond its 
boundary, whence measurements showed a gradual resumption of the 
normal thickness towards the corneal periphery. 

During the first hour or two after the stripping off of the epithelium, 
there was in every case a fairly strong, clear lacrimation. This is of 
interest, since in other experiments it was not possible to obtain such an 
excretion with more usual forms of stimulation, such as tear-gas and 
lacrimal nerve excitation. 


CHANGES AFTER REMOVAL OF THE ENDOTHELIUM.—In this series the 
swelling after the first few hours was more than the instrument was 
capable of measuring, and observations were therefore restricted to this 
initial period with the animal constantly under anaesthesia. Measure- 
ments were carried out where the swelling appeared to be a maximum and 
were completed successfully in ten eyes. 

The results fell into two quite distinct groups of six cases and four cases, 
and the median curve of each is plotted as the Curves ‘ B’ and ‘C’ in 
Fig. 1. No true endothelial reflex could be seen in the cases in Group C, 
and the rear edge of the optical section had to be used in the measurement 
of the thickness. This suggested that the greater rate of swelling was due 
to the rupture of Descemet’s membrane, and in two cases (in one of 
which the posterior corneal surface was deliberately scratched with the 
point of the needle) this was confirmed by inspection of sections of the 
excised cornea under the microscope, which disclosed that this layer was 
absent over a large area. Comparative observations on four of the eyes 
which had the lower rate of swelling showed that Descemet’s membrane 
was intact, and confirmed that the endothelial cells had been removed 
over the greater part of the surface. In contrast to the behaviour after 
epithelial removal, the increase in thickness appeared to be continuous, 
except in one or two areas where it was found or suspected that endothelial 
destruction was not complete. 

The anterior chamber was sufficiently reformed to allow measurements 
to be taken within 5 to 10 min. after the operation, and subsequently there 
was generally a period of raised ocular tension. That this was not in 
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itself responsible for an increased corneal thickness was checked by taking 
measurements on a peripheral undamaged part of the cornea where it 
was seen to remain unchanged. 


DISCUSSION 


The rate of increase of thickness when the endothelial cells are 
destroyed (100 per cent. in 3 hrs) is somewhat below that found for 
the increase of weight (150 per cent. in 3 hrs) when excised corneae 
from which the endothelium had been rubbed, were divided in two 
and placed in saline at 37° C.; this figure was not markedly different 
for solutions of 0.9 and 2.0 per cent. NaCl at pH values of 7.4 and 
9.0. Such a difference is to be expected in vitro, because of the 
possibility of the absorption of fluid at the cut periphery. By 
analogy with these excised pieces, the swelling 24 hrs after the 
destruction of the endothelium in the living eye would be expected 
to be five times the original thickness. 

On the other hand, the initial rate of swelling after removal of the 
epithelium is some six times less than that which occurs on removal 
of the endothelium and Descemet’s membrane together, and the 
ultimate increase is lower by a similar factor, whereas a similarity 
might be expected, since—the rabbit lacking a Bowman’s membrane— 
the stroma is equally exposed in either case. 

It is not difficult to find causes which could contribute to the 
diminished rate of thickening, the most obvious being: 

(1) insufficiency of tears, 

(2) evaporation, 

(3) pressure on the stroma between the eyelids and Descemet’s membrane, 

(4) relative impermeability of the outer layers of the stroma, 

(5) greater difficulty in swelling outwards from the centre of the eye than inwards 
into the anterior chamber, owing to tension in the fibres, 

(6) secretion of fluid out of the cornea by the endothelium. 


Further investigations are being made to determine which of these 
possibilities are of importance. 


SUMMARY 


(1) The rate of increase of thickness of the rabbit’s cornea after 
removal of its limiting layers was determined by an optical method. 


(2) The average rate of increase was initially about 0.5 per cent. 
of the thickness per minute for the epithelium, 2 per cent. per minute 
for the endothelium, and 3 per cent. per minute for the endothelium 
and Descemet’s membrane together. 


(3) After the removal of the epithelium the cornea swelled on the 
average to double its thickness, at which level it remained for about 
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2 days, and then regained its original thickness in one or more days 
simultaneously with the regrowth of the epithelium. 
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CORRESPONDENCE 


VON GRAEFE versus KERATOME 


To the Editorial Committee of the 
BritisH JOURNAL OF OPHTHALMOLOGY 


Dear Sirs—In his article, Keratome and Scissors, Mr. A. H. 
Osmond* fires another shot in the battle between the use of 
the von Graefe knife and the keratome in cataract extraction. 

The advantages of keratome and scissors were amplified ably by 
Mr. Castroviejot, and the theoretical advantages are as great as 
the practical advantage that the surgeon knows that the eye has 
been thoroughly sutured, especially when the nursing is not in the 
hands of those specially trained. 

There are, however, two disadvantages to the method which need 
to be stressed. After a conjunctival flap (even one as small as 2 mm.) 
has been fashioned, it is not easy to see the tip of the keratome 
when it enters the anterior chamber. The tendency is to depress 
the handle of the instrument too soon and so to make an oblique 
cut producing a corneal lip which interferes with delivery of the lens. 
Secondly, it is not easy to watch the blade of the scissors which is 
within the anterior chamber, because it also is behind. the con- 
junctival flap, and the root of the iris may be cut inadvertently. 

My early cases took, from start to finish, one hour instead of 
about twenty minutes, but, although the first one of all resulted in 
an acuity of 6/6 and Jaeger 1, the fact that 1 had to use the vectis in 
two cases, because of an oblique incision, caused me to discard the 
method, 

During some three years at Moorfields I watched some of our best 
surgeons extract a very large number of cataracts with the von Graefe 
knife, and although I think that I saw every complication that could 
occur, | cannot remember having seen any trouble arising from the 
incision itself. 

In my own small experience, 1 have encountered infection, irido- 
cyclitis, glaucoma, and haemorrhage as complications, but recovery 
has been the rule. No complications have arisen because of 








* OSMOND, A. H. (195) ). British Journal of Ophthalmology, 35, 406. 


+Castrovieso, R. (1948). Jn “Modern Trends in Ophthalmology”, ed. A. Sorsby, 
Vol. 2, pp. 449-468. Butterworth, London. 
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indifferent incisions, and in two cases where the iris rose above the 
knife, the complete iridectomies followed the normal course during 
convalescence. 

In assessing the relative merits of the two methods of extraction 
one must consider two factors: (a) the von Graefe method is simple 
and quick, and has withstood the test of time and usage in many 
thousands of cases: its drawbacks are known and its complications 
understood; (6) the keratome and scissors method, though 
theoretically preferable, is complicated and takes longer; yet it 
results in a completely sutured eye which follows normal surgical 
procedure. 

With regard to the instruments introduced into the eye, more 
than two must be used whichever method is employed; the number 


of instruments should not cause either method to be condemned, 


and the sharpness of knife or keratome can be no criterion, for 
before the eye is entered one feels whether the point is satisfactory 


or not, and it is simple to take another from the instrument rack. 
The experienced surgeon will be slow to drop a method which has 
given excellent results in his hands: the tyro will adopt the method 
on which he is brought up: the indifferent surgeon will remain 
indifferent whatever technique he attempts. 
The whole subject, with an emphasis on those cases which go 


wrong, would form an excellent topic for a major item at one of 
our Congresses; it is of sufficient importance to warrant a thorough 


discussion “ at the highest level ””. 
Yours faithfully, 
FRANK R. NEUBERT. 


HWIAUTERIVE, THE QUEEN’S ROAD, 


GUERNSEY. July 10, 1951. 


SIGHT OF UNDERGRADUATES 


To the Editorial Committee of the 


British JOURNAL OF OPHTHALMOLOGY 


Dear Sirs—The author of the paper entitled Sight of Undergraduates 
(British Journal of Ophthalmology, 35, 467) includes in his summary a 


statement that “ the sight of undergraduates is four times worse than that 
of 18-year-old men in the general population”, but no such conclusion 
can be drawn from the facts presented. The author’s Table IV certainly. 


shows that his sample of undergraduates contained rather more than 


four times as many poor-sighted persons as would be expected among a 
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corresponding number of persons of similar age drawn from the general 
community, but this finding is not equivalent to the one formulated in his 
summary. 

On the basis of acuity, it would be true to say that the sight of the 
undergraduates is four times worse than that of the general community of 
18-year-old males, only if, for example, on the average, the undergraduates 
had V = 6/24, while, on the average, the non-undergraduates had V =6/6. 
No such relation of acuities is exhibited in the author’s data. On the 
contrary, the ‘average vision’ for “other young men” is “‘ 6/6 or better in 
one eye, the other worse”, while the average vision for the undergraduates 
is “ 6/9-6/12 in one eye, the other worse”. So, on the evidence adduced, 
it may be said, at worst, that the sight of undergraduates is about half 
as good as that of 18-year-old men in the general population. 

Though slight, the evidence in the paper that visual acuity declines 
even between 17 and 25 years of age is interesting; the present writer has 
published data (British Journal of Ophthalmology, 32, 645) showing that 


visual performance declines from early adulthood. 
Yours faithfully, 


H. C. Weston 
GROUP FOR RESEARCH IN OCCUPATIONAL OPTICs, 


INSTITUTE OF OPHTHALMOLOGY, 
Jupp STREET, W.C.1, 
August 14, 1951. 


To the Editorial Committee of the 
BRITISH JOURNAL OF OPHTHALMOLOGY 


DEAR Sirs—Mr. Weston agrees with me that the sight of undergraduates 
is substantially worse than that of young men in the general population, 
but I am grateful to him for eliminating some ambiguity in my summary. 
As he suspects, it was, of course, intended to convey that four times as 
many undergraduates had poor sight. Mr. Weston introduces the 
concept of average visual acuity. I had omitted this because the 
distribution of visual acuity seemed more instructive than the mean. 

May I also have your permission to correct an error? The young male 
recruits referred to by Dr. W. J. Martin (M.R.C. Memo. No. 20, p. 3) 
were between the ages of 20 and 21, not 18 years old as stated in my paper. 


Recognition of this, if anything, strengthens the conclusions drawn from 
comparison of undergraduates with the general population. 


Yours faithfully, 


R. W. PARNELL 
INSTITUTE OF SOCIAL MEDICINE, 


10, ParKs ROAD, OXFORD. 


September 7, 1951. 
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ANGIOGRAPHY 
To the Editorial Committee of the 


BRITISH JOURNAL OF OPHTHALMOLOGY 


Dear Sirs—in his interesting paper on Angiography of the Normal 
Ophthalmic Artery and Choroidal Plexus of the Eye (British Journal of 


Ophthalmology, 35, 473) P. H. Schurr states : 
Angiography of the orbital structures is a field which is largely 
unexplored and deserves the attention of ophthalmologists and 
radiologists. Apart from the more obvious application of the method to 


the depiction of vascular abnormalities, it is possible that a technique 
could be developed which would also be of use in the demonstration 


and differential diagnosis of orbital and ocular neoplasms. 

May I draw attention through the courtesy of your journal to another 
excellent paper, by A. Grino and E. Billet, entitled The Diagnosis of 
Orbital Tumors by Angiography (Amer. J. Ophthal., 32, 897-911, 1949). 
The technique employed is adequately described together with three case 
reports showing how valuable such a method of examination may prove. 


Yours faithfully, 


S. J. H. MILLER 
33, ARUNDEL RoaD, 
KINGSTON, SURREY. 


September 2, 1951. 











BOOK REVIEW 


Surgery of the Oblique Muscles of the Eye. By W.H. FINK, 1951, Kimpton, London. 
Pp. 350, 93 figs (18 col.), 130 refs. (63s.). 


The prospective reader of a treatise running into 350 pages on the oblique muscles 
of the eye, is bound to consider whether his time will be well spent. He may assume 
that the subject will be exhaustively ventilated, and that our old text-book friends, 
embryology, comparative anatomy, developmental anomalies, microscopic anatomy, 
and gross anatomy will be present in full dress, There is no disappointment on this 
score, for a full chapter is devoted to each and together they occupy nearly one-third 
of the text. 

Chapters on the surgical anatomy of the superior and inferior oblique muscles 
occupy 44 pages. A random sample from this section reads as follows: 

The surgeon should be able to visualize the area near the posterior tip of the 
of the insertion (of the inferior oblique) and the important structures in the vicinity. 
The following intimate relations to the macula area, optic nerve, Ciliary nerves and 
vessels, superior oblique insertion, and vortex vein should be borne in mind when 
operating on the muscle: 

(a) The er is 1 to 2 mm. posterior to, and slightly above, the posterior tip of the 

insertion. 

(6) The posterior end of the insertion is 4.2 mm. from the optic nerve and slightly 

above its lower edge. In extreme variation, it may encroach upon the optic nerve. 

(c) The posterior ciliary vessels and nerves are distributed between the insertion 

and the optic nerve, lying 2 to 3 mm. from the tip of the insertion. 

(d) The posterior end of the insertion is about 13 mm. from the superior oblique 


insertion above. 

(e) The superior lateral vortex vein is about 10 mm. above the insertion of the 
inferior oblique, and the inferior lateral vortex vein is 8 mm. below the insertion, 
less than I mm. anterior to the posterior margin of the muscle. In an 8 or 10mm. 
recession, the posterior tip of the inferior oblique muscle will be placed very near 
this area. It should be remembered that the vortex vein emerges from the sclera 
obliquely (anteroposterior) 3 to 4 mm., and a needle passed into the sclera in 
this area just anterior to the exit of the vein will perforate the vein as it passes 


through the sclera. 

Part II, entitled “‘ Management of Oblique Muscle Defects ’’, opens with a historical 
review of the surgery of the oblique muscles, and subsequent chapters discuss the 
frequency and aetiology of defects in these muscles and their physiology. This accounts 
for a further 50 pages. The next 70 pages deal with diagnosis, and chapters on surgical 
indications and surgical techniques bring the reader to page 308. 

So far the author has kept to the principle enunciated in the preface, 

No claim is made for originality . . . The material consists, to a considerable 
extent, of data which have been taken from the literature . . . 

In the last chapter, entitled “ Surgical Techniques based on the Anatomy of the 
Area”, scope is allowed to the author’s personality and judgment, and we are given 
a valuable and clear description of the techniques he employs “* because they seem most 
effective from the practical standpoint.” An appendix deals with anatomical considera- 
tions in operations for retinal detachment, and an index completes the volume. 

“For the average surgeon an operation on an oblique muscle is a formidable 
procedure ”, states the author. We wonder how factual this statement is, but if it is 
indeed a statistical truth, it is likely that a book of this size and of this detail tends to 
make the procedure even more formidable, not because the important points in anatomy 
and technique are inadequately described, but because they are buried in a mass of 
trivial data which are given equal emphasis. The author, perhaps unconsciously, has 
set himself the task of compiling an encyclopaedia of the oblique muscles, and in this 
he has fully succeeded, but how far this aim is compatible with simplifying surgical 
diagnosis remains a moot question. 
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NOTES 


OPHTHALMOLOGICAL SOCIETY OF THE 
UNITED KINGDOM 


ANNUAL CONGRESS, 1952 


The Annual Congress of the Ophthalmological Society will be held at 
the Royal College of Surgeons of Ireland, St. Stephen's Green, Dublin, 


on April 17, 18,'and 19, 1952. 
The subject for discussion will be “* The Value of Cortisone and ACTH 


in Ocular Diseases”. The discussion will be opened by Professor 
Alan Woods, Professor H. F. Moore, Dr. F. S. Lavery, and 


Mr. E. G. Mackie. 


On this occasion the Montgomery Lecture will be delivered by 


Professor Derrick Vail. 
Historical, Pathological, and Scientific Exhibitions will be held in the 


College. 


The Annual Dinner, to which members may bring guests, will be 


held at the Gresham Hotel on Friday, April 18. 


NEWS 


H.M. THE KING has appointed Air-CommoporE J. C. NeELy, D.M., 
D.O., Consultant in Ophthalmology at the R.A.F. Central Medical 


Establishment, to be Honorary Surgeon to His Majesty. 


Mr. JoHNn L. BiGNELL, F.R.C.S., F.R.A.C.S., has been appointed 
Lecturer in Pathology of the Eye at the University of Melbourne, 


Australia. 

Mr. G. T. WILLOUGHBY CASHELL, F.R.C.S.E., has been elected Chairman 
of the Orthoptic Board in succession to Mr. T. Keith Lyle, C.B.E., 
F.R.C.S., and Mr. A. B. NutTT, F.R.C.S., has been elected Vice- 


Chairman. 


Me. T. KertH Lyte, F.R.C.S., has been elected Treasurer of the 
Orthoptic Board in succession to Mr. F. A. Williamson-Noble, F.R.C.S. 


TREACHER COLLINS PRIZE, 1951 


THE Council of the Ophthalmological Society of the United Kingdom 


has awarded the Treacher Collins Prize for 1951 to Mr. K. C. Wybar, 
F.R.C.S., for his essay ““Exophthalmos in relation to Endocrine Disorder”’. 


WILLIAM MACKENZIE MEDAL, 1951 


Mr. H. B. STALLARD, F.R.C.S., has been awarded the William Mackenzie 
Medal for 1951, by the University of Glasgow. 
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ARGENTINE OPHTHALMOLOGICAL CONGRESS, 1953 


Tue Fifth Argentine Ophthalmological Congress will be held in Buenos 
Aires in May, 1953. The Executive Committee hope that the Congress 
will receive the support of ophthalmologists everywhere. Titles of papers 
should be notified to the Secretary General before December 31, 1951, 
and the papers themselves must be in the hands of the Committee before 
July 31, 1952. 

For further details and general information applicationshould be made 
to the Secretary General, Dr. Alberto C. Cremona, Pueyrredén 822, 
Buenos Aires, Argentina. 


BRITISH MEDICAL ASSOCIATION 
SCHOLARSHIPS IN AID OF SCIENTIFIC RESEARCH 


The Council of the British Medical Association is prepared to receive 
applications for Research Scholarships, as follows: 


AN ERNEST HART MEMORIAL SCHOLARSHIP, of the value of £250. 
A WALTER DIXON SCHOLARSHIP, of the value of £250. 
Four RESEARCH SCHOLARSHIPS, each of the value of £200. 


These scholarships are given to Candidates whom the Science Committee 
of the Association recommends as qualified to undertake research in any 
subject (including State Medicine) relating to the causation, prevention 
or treatment of disease. 

Each Scholarship is tenable for one year, commencing on October Ist, 
1952. A Scholar may be re-appointed for not more than two additional 
terms. A Scholar is not necessarily required to devote the whole of his 
or her time to the work of research, but may be a member of H.M. Forces 
or may hold a junior appointment at a University, Medical School, or 
Hospital, provided the duties of such appointment will not, in the opinion 
of the Science Committee, interfere with his or her work as a Scholar. 


CONDITIONS OF AWARD: APPLICATIONS 
Applications for Scholarships must be made not later than March 31st, 
1952, on the prescribed form, a copy of which will be supplied by me on 
application. 
Applicants are required to furnish the names of three referees who are 
competent to speak as to their capacity for the research contemplated. 
A. MACRAE, 
Secretary. 


BRITISH MEDICAL ASSOCIATION HOUSE, 
TAVISTOCK SQUARE, 
Lonpbon, W.C.1. 
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BRITISH MEDICAL ASSOCIATION 


OPHTHALMIC GROUP 


THE Ophthalmic Group is one of a number of groups formed by the British 
Medical Association of members having distinctive professional interests, who, by 
reason either of their paucity of numbers or of their local distribution, are unable 
to obtain adequate representation of these interests through the normal machinery 
of the Association. The executive of this group is the Ophthalmic Group 
Committee, and its members, in addition to representatives directly elected on a 
regional basis by members of the group, include representatives of the Faculty of 
Ophthalmologists and of the National Ophthalmic Treatment Board Association. 
This committee negotiates direct with the Ministry of Health on all matters 
affecting ophthalmologists, whether they be working in the Hospital Eye Service 
or in the Supplementary Ophthalmic Service, and is the recognized medico- 
political channel through which the representations of ophthalmologists can be 
considered and duly referred to the various Government departments concerned. 

It is thought that a number of ophthalmologists may be unaware of the activities 
of the group and of the qualifications required for membership. It is important 
that every ophthalmologist should join the group and thus strengthen the Group 
Committee in tackling the many difficult problems which lie ahead. The only 
qualifications for membership of the Ophthalmic Group are: 


(a) to be a member of the British Medical Association; 
(b) to be engaged predominantly in the practice of ophthalmology. 


Any medical practitioner who qualifies under both these headings is invited to 
complete the form of application set out below, and to send it to the Secretary of 
the B.M.A., with details of his qualifications and appointments. 


To the Secretary, 
BritisH MEDICAL ASSOCIATION, 
B.M.A. House, 
London, W.C.1. 


I wish to apply for membership of the Ophthalmic Group of the British Medical 
Association. 

I understand that the inclusion of any individual within the Group is at the discretion 
of the Group Committee subject to appeal to the Council of the Association. 

I am a member of the Association. I am an ophthalmologist and am engaged 
predominantly in the practice of ophthalmology. 
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